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Also in this Issue: 


Data Processing in Steel Industry 
Updating Surge Vessel Control Systems 
How They Keep Thor Operational 








THE TIME: Early 1940. THE ACHIEVEMENT: A small, compact ballistic computer 
for the U.S. Navy. THe resutt: The beginning of Librascope’s leadership in 
the design, development, and production of weapons and navigation control 
systems and components. 
Today, Librascope-designed and manufactured electronic and mechanical 
equipment for the MK 113, MK 111, MK 110, MK 107, and MK 105 under- 
water fire control systems include computers, attack directors, torpedo and 
missile angle solvers, attack plotters, depth plotters, position keepers, target 
motion analyzers, stabilization computers, roll and pitch computers, and vari- 
ous indicators and control instruments. ® Librascope’s simulation laboratories 
provide the Navy with a means for testing and analyzing the performance of 
TODAY'S ANTISUBMARINE equipment under “real attack” conditions. In the field, our engineers assist 
WEAPONS CONTROL COMPUTER in the maintenance and improvement of Librascope systems. 





night 
answers 


when 
you need 
them! 


COURTESY NOC-TY FILMS’ ‘THE SILENT SERVICE’ 


For information on career opportunities at Librascope, 
write Glen Seltzer, Employment Manager. 


Lie-8 


Librascope’s experience creating new concepts in computer / A 
—control systems for both military and industrial use can IBRASCOPI GENERAL 
be accurately applied to your specific needs. m@ For detailed ¢ i PRECISION 
information and solutions to your computer problems, write... COMPANY 


LIBRASCOPE, INC.* 808 WESTERN AVENUE « GLENDALE, CALIF. « A Subsidiary of General Precision Equipment Corporation 
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Carolina Power & Light Co. 
closes the control loop 
with new L&N dispatch computer 


New L&N “Desired-Generation’’ Computers 
Now Operating On Six Major Power Networks 


Like so many utilities, CP&L’s steep 
growth curve of the past ten years 
is exceeded only by expansion esti- 
mates for the next ten. To ensure 
that system operation remains eco- 
nomical and smooth during rapid 
expansion, CP&L now uses an L&N 
Desired-Generation Computer-Con- 
trol system for automatic control of 
better than 90 per cent of genera- 
tion on its major (eastern) operat- 
ing area. The new control encom- 
passes telemetered values from five 
tie points and automatic allocation 
of generation changes among five 
major generating stations, includ- 
ing 14 units under control. 

In moving ahead with an L&N 
system, CP&L is part of a growing 
trend, for within a year after in- 
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stallation of the first Desired-Gen- 
eration Computer, six major Ameri- 
can utility networks with a combined 
capability of 11 million Kw were 
using L&N computer-controllers. 

Suggestion: you can help your 
system make the move to advanced 
automatic dispatching more objec- 
tively — and with confidence — by 
checking results first —the actual 
operating results being obtained 
right now from California to Caro- 
lina, from Connecticut to Florida 
(names on request). Then, talk with 
the men of Leeds & Northrup—or 
write to 4918 Stenton Avenue, Phila. 
44, Pa., about a custom-engineered 
computer-control for your system— 
it pays. 


In operation since February, the L&N 
computer gives Carolina Power & 
Light Co., the desired generation load- 
ing pattern on five of its major plants 
for strict incremental loading, or modi- 
fied economy loading. The computer can 
also be used to study anticipated oper- 
ating problems and their effects on the 
cost of operating the system while the 
load control is still functioning. 


Get results on your system 
with an L&aN computer that: 


1. Automatically loads generating 
units on an incremental cost-of- 
power-delivered basis—includes in- 
cremental generating costs and 
transmission loss factors (transmis- 
sion loss matrix optional). 


2. Provides real operating flexibil- 
ity: loads on any desired incremen- 
tal, or modified economy basis, to 
meet prevailing system conditions. 


3. Plots “on-the-spot” graphic an- 
swers to problems involving econ- 
omy interchange, power-flow losses 
or anticipated loading patterns. 


4. Derives a measured lambda value 
—incremental cost of power deliv- 
ered—at all times. 


5. Invariably adjusts generation in 
a direction that reduces area re- 
quirement. 


6. Gives each unit a terminal desti- 
nation. 


7. Makes it easy to place units on 
control—just flip a switch—no syn- 
chronization required. 


8. Provides safety margins: adjust- 
able load limit settings are positive, 
and cannot be exceeded; maximum 
rates of control action are positive, 
adjustable, and cannot be over- 
ridden. 


9. Costs less in the long run: re- 
quires no unit or governor modifi- 
cations, goes into service after ap- 
proximately two to four weeks in- 
stallation procedure, gives positive 
assurance against overregulation. 
10. Is easy to operate—gives any 
desired readout data, uses compact, 
convenient digital setters. 


Digital setters are just one of many operating aids built 
into L&N computers. Compact and easy to use, these 
setters enable you accurately to feed into the computer 
a wide range of input data: unit high and low limits, 
performance factor, type and cost of fuel being used, etc. 


EES NORTHRUP 


“Over 400 automatic 


generation control installations’ 
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A unique approach 
to problems of 


AUTOMATIC CHECKOUT 
and MONITORING 


M) S MONITOR SYSTEMS INCORPORATED 
on / | / . Fort Washington, Pennsylvania 
A subsidiary of €pscox* incorporated 
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Published for engineers and technical management men who are responsible for 
the design, application, and test of instrumentation and automatic control systems 


How They Keep Thor Operational 
L. H. YOUNG of Controt ENGINEERING reports on system of sequence timers that 
both controls countdown and exercises intermediate range missile on regular schedule. 


Is Instrument Zero Output Really Zero? 
L. P. ENTIN of Minneapolis-Honeywell starts a two-part coverage of instrument uncer- 
tainties by discussing fundamental principles and elaborating on uncertainties of zero 


Steel Opens Three Doors to Automatic Data Processing 
R. M. SILLS and G. E. TERWILLIGER of General Electric show how steel uses data 


processing to mechanize information handling, study dynamics, and improve operation. 


Special Amplifier Aids Flutter Testing 
J. C. CARPENTER of Radioplane describes special amplifier used in evaluating flutter 


characteristics of an unmanned rocket-powered drone during airframe flight testing. 
Updating Design Procedures for Surge Vessel Control Systems 


K. A. OTTO of Dow Chemical presents new data that will help you decide whether more 
costly instrumentation can be justified by savings obtained from reducing vessel size. 


Data File 32—Thyratron Circuits for Solenoids and DC loads 


F. MacPHERSON of Electrons, Inc. reveals several xenon thyratron circuits that can 
improve the response of ac solenoids and such dc loads as magnetic clutches and brakes. 


Characteristics of Digital Codes 


L. ROSEN of Anderson-Nichols & Co. defines critical properties of digital codes and 
details specific codes used in computer, data handling, and data transmission systems. 


A Low-Conductivity Magnetic Flowmeter 
D. R. LYNCH of Fischer & Porter Co. introduces redesigned magnetic flowmetering 
system that will handle liquids or slurries with conductivities as low as 0.1 w»mho per cm. 





Rubber Membrane Finds Root Loci 


T. JAWOR of Evershed & Vignoles Ltd. visualizes root loci with thin rubber membrane 


Transfluxor Analog Memory 
M. KRAUS of ASCOP uses transfluxor in industrial pulse-width telemetering system 


Pneumatic Controls Refuel Jet Aircraft 
R. L. BECKTEL and R. H. LEBOW of Parker load jets at flow rates up to 600 gpm. 


A Hall Effect DC Resolver 


L. E. FAY of Bendix Aviation employs galvanomagnetic Hall effect in unique resolver 


Continued on next page & 





What’s New in the Control Field 
Newsbreaks in Control 


A revolutionary pneumatic computing element; an automatic landing system purchased. 


New Improved Guidance Key to U. S. Space Shots 


CtE hears miniaturized radio guidance system will control U. S. try to orbit the moon. 


Automatic Inspection by Machine Tool Control 
Refined point-to-point numerical positioning system cuts inspection time by 75 percent. 


Navy’s Positive Control Speeds Up Landings 


Radar control of jet aircraft lands airplanes at a rate of one a minute in any weather. 


East’s Most Modern Pipeline Starts Operating 


This is a case history of when not to employ a computer for controlling an oil pipeline. 


Electrohydraulic Wavemaker 


Complex servosystem makes variety of waves in Europe’s newest and biggest towing tank. 





Control Personality—N. B. NICHOLS 


A shirt-sleeved control engineer with broad experience revitalizes an instrument maker. 


Industry’s Pulse—Will Transistor Boom Static Switching? 


Transistors are replacing magnetic amplifiers, and change promises to boost application. 


Editorial—You’re in the Battle, Too 


Control engineer must understand labor as well as technology and economics of control. 


New Product Developments 


Versatile transducer line now based on time-tested multifinger electromechanical relay. 


Abstracts of Technical Papers 
Ultra low frequency signal generator yields sine waves with 20- to 12,500-sec periods. 


Annual Control Engineering Editorial Index 
Index by subject matter and author of all reference material published during 1959. 


10 Shop Talk 162 Bulletins & Catalogs 177 Meetings Ahead 
14 Feedback 174 New Books 179 Reprints 
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you are looking at the best 
UNIVERSAL COUNTER-TIMER 


Presenting the new CMC 226B 


ENGINEERED FOR THE USER 

CMC’s new universal counter-timer is human engineered 
to eliminate costly “cockpit trouble.” Take a look at the 
clean, functional lines. 

And inside, this tastefully styled instrument uses modular 
circuitry to simplify maintenance and cut weight. Nine tubes 
have been eliminated, lowering power drain and operating 
temperature and increasing reliability. Weight is only 40 Ibs. 


TECHNICALLY SPEAKING 

Direct reading, 0 to 1.2 mc. Time interval, 1 microsecond 
to 1 million seconds. Period, 0 microsecond to 1 million 
seconds. Stability of 2 parts in 10’, with an option of 5 
parts in 10%. Sensitivity 0.1 volt rms. 

Three input channels. Automatic decimal point indication. 
Reads directly in kilocycles, cycles, or microseconds. 
Three independent, continuously adjustable trigger level con- 
trols for full rated sensitivity at any voltage level between 
—150 and +300 volts. 


Oscilloscope marker signal to speed start and stop trigger 
level adjustment for TIM of complex waveforms; trigger 
level adjustment for amplitude discrimination in frequency 
and period measurement. Drives the CMC fast printer and 
most other types of printers and data handling equipment. 


DO ALL THESE JOBS PRECISELY 

DO THEM EVERY TIME 

Measure frequency, time interval, period, phase shift, fre- 
quency ratio, rpm, flow, velocity, and many other basic 
physical quantities. 

NOW THE PRICE 


$1100 fob Sylmar, California. Rack mount $10 extra. 220 kc 
Model 225C with similar specifications, $840 fob Sylmar. 


WANT MORE DATA? 

Your nearby CMC engineering representative will be happy 
to arrange a demonstration and provide you with complete 
technical information. Or you may write Department 0812. 


Computer-Measurements 
Company 4 Division of Pacific industries, inc. 
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12970 Bradley Avenue + Sylmar, California 


Phone: EMpire 7-2161 





64 channels 
in 60” 


On these two pages eight fully tran- 
sistorized Model 850-1500P Pream- 
plifiers appear actual size —each 
measures approximately 2” x 7” x 
1414”. In racks of eight, 64 pream- 
plifiers take only 56” of panel space, 
and a blower unit another 4”. Neces- 
sary power and chopper excitation 
is provided by a completely transis- 
torized Model 858-500P Power 
Supply that mounts at the rear of 
each 8-preamplifier unit, so that no 
additional panel space is required. 


unusual capabilities and stability 


INPUT CHARACTERISTICS 

Input circuit guarded, floating, isolated from 
output, can be grounded. Input impedance 
200,000 ohms min. (Preamplifier also available 
at extra cost with 4-step attenuator with gains 
of 10, 20, 50 and 100 and smooth gain con- 
trol to reach any intermediate setting.) 


BANDWIDTH 
DC to 70 cps (—3 db). 


RISE TIME 
25 ms to 99.9% of steady state value. 


OUTPUT CHARACTERISTICS 

Floating, independent of input, can be 

grounded. 

Capabilities: +1 v across 300 ohms, DC to 
70 cps 


*1.5 v across 300 ohms, DC to 
40 cps 


Output impedance 100 ohms. Outputis across 
300 ohm internal load, shunted by internal 4 
mfd capacitance. Part or all of this resistance 
and capacitance can be supplied externally, 
in any combination to suit your application. 


LINEARITY 
+0.1% of full scale output (2 volts) 


GAIN 

100 (10 mv input for 1 volt output). Preampli- 
fier with gain of 1000(1 mv input for 1 volt 
output) also available on special order. Gain 
stability +0.1% for min. of 24 hours. 


INPHASE REJECTION RATIO 


120 db at 60 cps, 160 db at DC, with 5000 ohms 
unbalance in source. 


INPHASE TOLERANCE 
250 VDC, 220 VAC 


NOISE 

2 uv peak-to-peak referred to input (measured 
over DC to 100 cps). Noise plus ripple for full 
scale signal not to exceed +0.1% of signal 
(measured wide band-ripple is 880 cps). 


DRIFT 

*2 uv referred to input, at constant ambient 
temperature, after 30 minutes’ warm-up. Input 
drift temperature coefficient +0.2 uv/°C, max, 


OVERLOAD RECOVERY 

Preamplifier recovers from fully blocked con- 
dition within 20 milliseconds after removal of 
signal. 10 volts of signal at input will not darr 
age preamplifier. 


POWER REQUIREMENTS 

Each Preamplifier requires 2.5 watts; Model 
858-500P Power Supply handles up to eight 
Preamplifiers. 


New Data Preamplifier ..... 850 
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$462.50 


per channel, complete 


Each Model 850-1500P Preamplifier costs 
$400, each Power Supply for every eight Pre- 
amplifiers, $500. Consider the substantial 
savings over equipment with comparable 
specifications — when economy “per chan- 
nel” is multiplied by the number of channels 
you're using. (All prices are F. 0. B. Waltham, 
Mass., within continental U. S. A.) 


What distinguishes this data preamplifier 
from others is not its specifications alone— 
but the combination of this performance with 
high reliability, practical cost and small size. 
Together, they make the Sanborn 

Model 850-1500P the logical choice for 

data processing systems in which tens or 
hundreds of channels of information 

must be handled. 


Completely transistorized, the 850-1500P is 
designed for amplifying low level inputs such as 
thermocouple, strain gage and resistance 
bridge outputs. Typical outputs include digital 
voltmeters, tape’recorders, scopes and 

other readout devices. 





Complete engineering data and application 
assistance is available from Sanborn Company. 
Contact your nearest Sanborn Industrial 
Sales-Engineering Representative, or write 
the main office in Waltham, Mass. 


Si. NEY SANBORN 


COMPANY 
INDUSTRIAL DIVISION 
175 Wyman St., Waltham 54, Mass. 
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announcing the new 


first solid state 
18=4\,5 Liyal engineering computer 
in the low-price field 


Here is a new and powerful stored program, desk-size com- 
puter designed to bring more computing ability to engineering 
problems at low cost. 


Transistorized throughout, the IBM 1620 is the only solid 
state, core-storage computer in its price class. 


Easy to learn—easy to operate—easy to communicate with 
—this powerful computer relieves engineers from routine 
calculations—frees them for creative tasks. 


Data is fed into the 20,000-digit magnetic core memory of 
the 1620 via punched paper tape. Alpha-numeric output is 
printed at the console typewriter in desired format, under 
stored program control. 


This new computer with its two-address instruction format 
and variable field length, gives you up to 50% more storage 
capacity than a fixed word-length system. 


All notations of input and output are in the decimal system. 
An unlimited decimal field and internal self-checking assure 
accuracy. A powerful two-address instruction format adds to 
the 1620’s timesaving capabilities. 


Programming is simplified through the use of IBM Fortran 
—a mathematical programming system which compiles ma- 
chine instructions from algebraic and English language nota- 
tion. A library of programs for standard engineering compu- 
tations will also be part of the 1620 package. 


Call your IBM representative—ask him to show you all the 
unique features of the IBM 1620. Like all IBM data pro- 
cessing equipment, this system may be purchased or leased. 


BALANCED DATA PROCESSING 


Balanced Data Processing combines systems and services insepa- 
rably to produce performance in the best tradition of more than 
45 years of IBM experience. It means more production per data 
processing dollar for you. 
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MINIATURE 
PROKAR’ ‘D’ 
MOLDED 
CAPACITORS 


—with a new 125 C dual 
dielectric and improved 
moisture resistance 


Sprague’s improved PROKAR 'D’ 
Capacitors meet the need for 
smaller tubular capacitors capa- 
ble of withstanding 125 C oper- 
ation in military, commercial and 
industrial electronics. 


Key to the improved design is 
a new processing technique for 
better humidity resistance and a 
new dual dielectric which com- 
bines the dielectric strength of 
the highest grade capacitor tissue 
with the effective moisture pro- 
tection of plastic film, giving 
these miniature units high insu- 
lation resistance plus extended 
life at 125 C. The new Type 150P 
Capacitors are impregnated with 
the same exclusive high temper- 
ature organic material used in 
the original Prokar series which 
marked a milestone in molded 
capacitor development. Capaci- 
tors may be operated at tempera- 
tures up to 125 C without voltage 
derating. 

For complete specifications on 
Type 150P Prokar ‘'D’ Molded 
Capacitors, write for Bulletin 
2300 to Technical Literature Sec- 
tion, Sprague Electric Co., 407 
Marshall St., North Adams, Mass. 


SPRAGUE 


THE MARK OF RELIABILITY 


10 
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SHOPTALK 


Boy, do we need it! 

Page 27 starts a story describing a new system designed 
to provide all-weather capability by positive control of air 
trafhe. The writer, associate editor Lew Young, knows where- 
of he writes. Returning from a demonstration of the system, 
Lew, with other magazine editors, ran into bad weather in a 
Navy Super DC-3. ‘The plane was stacked over Washington 
for 70 min prior to a landing at Anacostia Naval Air Station, 
and over Asbury Park, N. J., for 35 min prior to a final landing 
at Floyd Bennett Naval Air Station in Brooklyn. Stagger- 
ing from the plane, Editor Young sat down to write his 
story, a strong advocate of positive control. 


Reference material indexed 


This issue contains our annual editorial index, page 186, 
to help you locate material published throughout the past 
year. A few copies of the this index are available on a first- 
come, first-served basis to those readers who want a copy for 
central indexing purposes. We hope, though, that you're 
all taking advantage of our perforated pages so that you 
can enter articles of particular interest into your own file. 
Britain’s regular contributor 

Hitting CtE’s pages for the third 
consecutive month with his root lo- 
cus articles is Britain’s Ted Jawor 
(see page 124 for his latest contri- 
bution). Now a senior member of 
Evershed & Vignoles’ research de- 
partment in London, Jawor came to 
Britain from Poland via France in 
1940. His war service with the Polish 
Air Force based on the islands came 
to an abrupt end when he was taken 
prisoner after being shot down while ferrying arms to Eu- 
rope’s underground resistance movement. After the war and 
an EE degree from Glasgow University, Ted started at Ever- 
shed designing process equipment. When he switched from 
design to process theory, Jawor became one of the first par- 
ticipants in Cambridge University’s post-graduate control 
engineering course. 


Peering into the future 


January 1960 starts a new decade; what will this decade 
bring forth for the control engineer? It is possible that the 
control field, now that it seems to have completed the gath- 
ering of its diverse elements, will finally gel. But Editor Bill 
Vannah will give 1,000 to 1 odds that just the opposite will 
happen. He sees technical, economic, and social signals that 
point to an expansion of the control field into a broad universe 
of automatic systems. Keep your eye open for the January 
issue where Vannah will lay out his bets. 
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TYPE 1230-A D-C AMPLIFIER 
AND ELECTROMETER $440 


@ True direct-coupled amplifier design — no chop- 
pers, vibrators, or reeds to give mechanical trouble or 
get out of adjustment. 

@ High input resistance: 100 mega-megohms — does 
not load down sensitive circuits. Input resistance can 
also be set by switch to other values from 104 to 1011 
ohms. 

@ Reliable operation even under conditions of high 
humidity — insured by silicone treatment of the 
electrometer tube's input and use of teflon insula- 
tion throughout input circuit. 

@ Electrometer stage protected against physical 
shock, ambient light effects, dust and random electro- 
static fields. 

@ Guard point provided for three-terminal or un- 
grounded resistance measurements. 

@ High instrument stability — careful selection and 
aging of components, and shock mounting insure 
maximum instrument stability. 

@ Switch position provided for checking instrument's 
high-value internal resistance standards in terms of 
its lower-valued wire-wound standards. 


® Constant low voltage across unknown (9.1v) — no 
need for voltage coefficient corrections when making 
high resistance measurements. 


® Output for recorders 


Write for complete information. 





what one instrument will do! 


MEASURES 
VOLTAGES from 0.5 mv to 10v 
CURRENTS from 0.005 wa to 1 ma 
RESISTANCES from 0.3 M02 to 500 MM2 





and Also Serves 

as a D-C Amplifier 

to Drive Oscilloscopes 
and Recorders 

















~ “Se. 


._ | 

HOW IBM “MAPS" GERMANIUM CRYSTALS 
IBM uses the G-R Electrometer to measure surface potentials and “sharpness” of PN 
junctions of germanium crystal specimens. A pointed tungsten whisker is “hopped” 
along the crystal surface by a micrometer drive, while electrometer readings are made 
at precise intervals. The G-R Electrometer meets the requirements of this application 
because its input resistance of several hundred megohms exceeds the contact re- 
sistance, it has the ability to measure millivolts as well as volts, and it also can drive 
an X-Y recorder. 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 





NEW YORK, WOrth 4-2722 
Ridgefield, WHitney 3-3140 


CHICAGO 
Ook Pork 
Village 8-9400 


PHILADELPHIA 


Abington 
HAncock 4-7419 


WASHINGTON, D.C. 
Silver Spring 
IJUniper 5-1088 


SAN FRANCISCO LOS ANGELES 
Los Angeles 


HOllywood 9-620! 


IN CANADA 
Los Altos Toronto 
Whitecliff 8-8233 CHerry 6-2171 
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HIGH RELIABILITY 


LOW MAINTENANCE 
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PROCESS and TELEMETRY 
Instruments and Components 


ELECTROSYN INDICATING 


PRESSURE 


TEMPERATURE 


POWER UNIT 


DIFFERENTIAL PRESSURE 


ENCODER-MODEL-. 


RECEIVER 


ECTROSYN Raita 
Al AR Vi 
210} SWITCHES 


leo} Jatel, uaa tei, legie), b 


1, Encoder 2. Alarm Switches (upto 4) 3. Retransmitting Potentiometer 4. Retransmitting Synchro 
Generator 5. Linear Differential Transformers 6. Incremental Alarm and Rate of Change Alarm” 


An unique, small, rotary component, which, when coupled to an analog shaft, provides cantact closure if 


shaft position deviates independently preset amounts either above or below the position of last readout 


or acknowledgment. Cc 


be used to automatically initiate readout only when deviations occur which are 


of sufficient magnitude to deserve the attention of operating or dispatching personnel, thus leaving data 


transmission link free for other uses during periods of normal operation, Addition of a periodically reset- 
ting device converts this unit to RATE OF CHANGE ALARM. 


Norwood Controls’ ElectroSyn is a highly flexible, 
rugged electro-magnetic system for a wide range of appli- 
cations in the chemical processing, atomic power, natural 
gas and petroleum transmission fields. It is designed to 
measure, indicate, record (including analog to digital 
conversions), or control a wide range of process variables. 
(Pressure, differential pressure, flow, level, temperature.) 

Error signal is amplified by a magnetic servo-amplifier 
(which can be located up to 4 miles from transmitter). 
Signal voltage is compared with output from a servo- 
motor driven feedback ElectroSyn Signal Generator. 





Pointer on indicator turns until signal and feedback bal- 
ance and then entire system ceases to move until next 
transducer signal change. 

Also available as alternate systems: transistorized 
servo-indicator which performs same functions as mag- 
netic amplifier system (illustrated above) and a low-cost 
meter readout system for either pressure or differential 
pressure when only indication of the variable is required. 

These three systems offer a price range in keeping with 
the economics of most any application. 


Write for ElectroSyn Bulletin B258C 
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STRAIN GAGE 


CONTROLS 


Models 108, 109 and 110 


Model 113 


WATER COOLED PRESSURE 
TRANSDUCERS 

Models 108, 109, 110 and 113 water-cooled, 
high frequency transducers for pressure 
studies under very high temperatures. Can 
be exposed to gas temperatures above 
5000 F without damage. All-welded con- 
struction for any applications, including highly 
corrosive liquids and propellants. Ranges: 
0-500, 0-1000, 0-2000, 0-3000 and 0-5000 psi. 


a 


Model 111A 
AIRBORNE PRESSURE TRANSDUCER 


Specially constructed unit with features de- 
signed for high altitude flight service appli- 
cations, such as 1000 volt insulation of elec- 
trical components for proper performance 
with vacuum ambient. 


Model 201 
PRESSURE MONITOR 


Amplifies 2-arm transducer output signal for 
oscilloscope display. internal, manually-op- 
erated calibration provisions included, or 
may be equipped with external Model 203 
Automatic Calibrator. Write for Technical 
Data Sheet A159-5. 
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Model 175 
PLASTICS PRESSURE TRANSDUCER 


New, one-piece, flush diaphragm, bonded strain gage 
type of pressure transducer, suitable for use in plas- 
tics extruders and other equipment where process 
temperatures approach 800 F and cooling of process 
fluid is not permissible. Standardized dimensions for 
extruder mounting. 


For detailed specifications write for Data Sheets A259 and A158-1: 
Norwood Controls Unit, Detroit Controls Division, 5900 Trumbull Avenue, Detroit 8, Mich. 


Amenican-Standard 


PRESSURE TRANSDUCERS 


Models 101 and 102 (2-arm), 
111 and 112 (4-arm) 


STANDARD PRESSURE TRANSDUCERS 
Highly accurate, versatile transducers for 
dynamic pressure measurements requiring 
high frequency response (flat from 0-20,000 
cps). Ranges from 0-100 up to 15,000 psi. 


Model 103 


MINIATURIZED PRESSURE | 
TRANSDUCERS 


Miniaturized unit designed for 
applications where small size is a 
prime requisite. St'd threads 
10-1.0 mm or %”-24 are pro- 
vided. High frequency response 
flat from 0-20,000 cps. Ranges: 
1,000, 2,000, 3,000, 5,000 and 7,000 psi. 


Model 104 
HIGH PRESSURE TRANSDUCERS 


For high pressure applications in blast onal- 
yses, gun barrel pressures, hydraulic high 
pressures, etc. Frequency response; flat 
from 0-20,000 cps. Ranges from 0-20,000 to 
0- 100,000 psi. 


Model 105 Model 106 
LOW PRESSURE TRANSDUCERS 

For pressure ranges 0-25 and 0-50 psig. 
Utilize same strain tube assembly as models 
above. May be used under conditions of ex- 
treme vibration as encountered in measuring 
shock waves in open air. 


DETROIT CONTROLS DIVISION 
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TRY THIS FRESH 
APPROACH 


to the measurement 
of displacement 


FEEDBACK 


Letters tell a tale of the control community. 


Of how American control people selected key U.S.A. 
literature for a library on nonlinear control. Of how, 
when asked by CtE, they gave copies of this litera- 
ture to a former countryman now living in Italy. Of 
what the literature consisted. Ed. 





A. I’. Sperry, SKOKIE, ILL.— 








DISPLACEMENT 
TRANSDUCERS 


No longer are weak outputs a problem in 
the application of displacement transducers 
or indication of 


to the measurement 1 
mechanical movements electrically. 


You have a reliable source for displacement 
transducers—International Resistance 
Company—offering you a vastly superior 


precision product at a lower cost. 


Better Linearity—as low as 0.1% 

Better Sensitivity—2.0 MV/Volt 
Input/Mil at 60 cycles 

Linear Range: .005” to 4.0” 

Frequency: 50 to 20,000 CPS 

Null Voltage: 0.25% of total 
output, or less 

No moving parts to wear 

Longer, Infinite Life 

Resolution: Infinite 

Precision assured by close control at 
every step in manufacture 


Special designs available for: 
© High temperature (1200°F) 
Ww. 4 ainsi lee, 





120V. inputs; up to 50V. outputs 
Zero temperature coefficient 
Matched units for complete 
interchangeability 


For oa information including many 
more advantages of IRC Displacement 
Transducers write for Bulletin R-3b. 





eC 


International Resist pany 
COMPUTER COMPONENTS DIVISION 
Dept. 241, 401 N. Broad St., Philadelphia 8, Pa. 


In Canada: International Resistance Co., Ltd. 
Toronto, Licensee. 





I have somewhat changed my ac- 


tivity, from the theory of oscillations 


| an enormous 





| 
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back to control problems. During 36 
years since I abondoned the ill fated 
(for me at that time) control activity, 
the control ficld has grown up tre- 
mendously. Among its principal con- 
tributors there are two giants—the 
U.S.A. and US.S.R. From _ the 
U.S.S.R. I managed to get recently 
amount of material 
(which runs likely into something like 
4,000 to 5,000 pages). From the 
US.A., I have at present less infor- 
mation, and now my mind is turned 
to correcting this. 

A great many of my references to 
American literature (ASME, AIEE, 
and IRE) I got from Russian sources. 
Little by little I would like to collect 
my bibliography of the American ref- 
erences for future work. 

I have a contract from the Office of 
Naval Research [to compile a study 
of nonlinear control theory]. The work 
is conducted at the University of Flor- 
ence so as to be in closer contact with 
Professors Sansone and Conti who 
act as my mathematical adsivers. 

N. Minorsky 


Aix en Provence, France 


In recognition of Dr. Minorsky’s 
early contributions to the control field 
(CtE, May ’55, p. 11), we agreed to 
obtain recommendations for the out- 
standing literature on nonlinear con- 
trol, gather some of the literature, and 
send it to him. Ed. 


To tHe Eprror— 

There is such a large number of re- 
cent references on nonlinear control 
theory which would seem to be of 
value; but I am enclosing a brief list 
which seems to me to summarize the 
recent work in this country. 

. PROCEEDINGS, SYMPOSIUM ON NON- 

LINEAR CIRCUIT ANALYSIS, Polytech- 

nic Institute of Brooklyn, Brooklyn, N. Y., 
1956. 

2. SYMPOSIUM ON NONLINEAR CON- 
TROL (1957), IRE Professional Group on 
Automatic Control; TRANSACTIONS ON 
AUTOMATIC CONTROL, July 1958. 


~ 


3. TRANSACTIONS, AIEE, Vol. 75, Part I, 
1956. 
4. TRANSACTIONS, AIEE, Vol. 76, Part I, 


1957. 

. NATIONAL CONVENTION 
IRE, Part 4, 1957. 

.A THEORY OF NONLINEAR SYSTEMS, 
A. G. Bose, Technical Report No. 309, Re- 
search Laboratory of Electronics, MIT, May 
1956. 


wt 


RECORD, 


n 


John G. Truxal 
Brooklyn, N. Y. 
To tHE Eprror— 

So far as actual nonlinear systems 
go, there are three new books of inter- 
est: Ku, Analysis and Control of Non- 
linear Systems—Ronald; Cunningham, 
Introduction to Nonlinear Analysis— 
McGraw-Hill; Cosgriff, Nonlinear 
Control Systems — McGraw-Hill. 
These books contain bibliographies 
that will enable one to assess the state 
of the art up to within two years ago. 
The one new major development I can 
think of since then is the area of self- 
adaptive controls. 

John E. Gibson 
Lafayette, Indiana 
To THE Eprror— 

Enclosed are copies of Part 4 of the 
1957 IRE National Convention Rec- 
ord and the July 1958 IRE Transac- 
tions on Automatic Control. 

E. K. Gannett 
Managing Editor 
Institute of Radio Engineers 
To rue Eprror— 

Report No. 309 (A. G. Bose, A 
Theory of Nonlinear Systems) has 
been out of print for some time, but 
I have been able to locate a copy and 
am sending it to you. 

John H. Hewitt 

Research Lab for Electronics, MIT 

Cambridge, Mass. 
Dr. N. Minorxsy— 

In another mail, you will receive a 
contribution of two books from the 
McGraw-Hill Book Co. recommended 
by Dr. John E. Gibson of Purdue 
University. We are sending these 
books with great pleasure and in rec- 
ognition of the very significant con- 
tribution you have made to the non- 
linear analysis field. Enclosed with 
this letter are a copy of the April 
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Exposed view of power supplies show battery of Tung-Sol/Chatham 
6080 Series Regulator tubes in Budd Lewyt's AN/FST-1 Transmitter. 


Defending America against air attack is 
the staggering job of SAGE. Daily, our 
radar network must locate, identify and 
track more than 30,000 aircraft in flight. 


The Budd Lewyt CDT (Coordinate Data 
Transmitter System) helps do it automati- 
cally. CDT transmitters at unmanned Gap- 
Filler sites pick up, interpret, convert and 
then. relay signals over telephone lines to 
CDT monitor units at SAGE Control 
Centers. 

Handling 161,800 radar pulses per sec- 
ond, CDT verifies targets with 99.99% 
accuracy. Because this system must func- 
tion. with unfailing accuracy, Tung-Sol/ 
Chatham 6080 Series tubes are used to 


BUDD LEWYT links in SAGE system 


use Tung-Sol tubes to regulate power supplies 


regulate vital power supplies in both the 
transmitters and monitors. 

Whether your equipment is a critical link 
in national defense, or a new idea for 
furthering automation in business or pro- 
duction, your Tung-Sol Applications Engi- 
neer can be a big help in the planning 
stages of your projects. Call him with 
confidence, because Tung-Sol impartially 
produces both tubes and semiconductors 

. assuring you better quality, efficiency 
and dependability in your product. We'd 
welcome the chance to prove it to you. 
Tung-Sol Electric Inc., Newark 4, New 
Jersey. TWX: NK193, 


) TUNG-SOL 
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Indicating Pneumatic Controller. 





with Greatest Field Serviceability ! 


+ 1150 Series for TEMPERATURE or PRESSURE 


“pep gaa ie~apee 


Designed by Robertshaw Engineers as a controller, trans- 
mitter, or receiver-controller for process applications demand- 
ing precision, economy and serviceability combined, this new 
unit is packed with obvious advantages: 


® Proportional Action — 0.5% to 200% 
® Automatic Reset Optional 
@ Fully Compensated Thermal System 


Easily installed without special tools, this new Robertshaw 
controller offers maximum convenience. Open construction 
permits components to be removed, replaced, recalibrated on 
the spot without disturbance to the rest of the unit. Minimum 
number of pivots for low hysteresis, added sturdiness. All ad- 
justments quickly made by hand; no tools needed. Tempera- 
ture ranges (in 200° bands) from —30 to + 450° F. Pressure 
ranges 0-20 psi., 3-15 psi. (as receiver-controller), 0-150 psi. 


For complete specifications, ask for XW-757 








MR. CONTROLS 


FULTON SYLPHON DIVISION ¢ KNOXVILLE I, TENNESSEE 
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| FEEDBACK 


1957 issue of the Transactions of 
ASME and copies of these articles 
from CoNTROL ENGINEERING: 

1. NONLINEARITY IN CONTROL SYS- 


TEMS: AN INFORMAL APPRAISAL OF 
THE PROBLEM, J. Coales, February 1956, 


N 


p. 55. 

. NONLINEARITY IN CONTROL SYS- 
TEMS, PT. 1, BASIC PRINCIPLES 
OF NONLINEARITY, T. Stout, February 
1956, p. 57 and PT. 3, DELIBERATELY 
NONLINEAR SYSTEMS, T. Stout, April 
1956, p. 77. 

. NONLINEARITY IN CONTROL SYS- 
TEMS, PT. 2, METHODS OF ANALYSIS 
AND SYNTHESIS, R. Kochenburger, March 
1956, p. 82. 


w 


Ed. 
Dr. N. Mrvorxsy— 

We are sending you, in another 
mail, some more material to add to 
your bibliography on nonlinear con- 
trol. The material includes A Theory 
of Nonlinear Control Systems by 
Amar G. Bose, which was contributed 
by the Laboratory for Electronics of 
M.I.T., and the IRE Transactions on 
Automatic Control, July 1958, plus 
the 1957 IRE National Convention 
Record, Part 4. Dr. John Truxal of 
the Polytechnic Institute of Brooklyn 
recommended that we send them. 

Ed. 
To THe Eprror— 

Many thanks for the literature and 
for your kind cooperation. 

We have sold our property here 
and are moving to Florence where I 
shall work on the ONR contract with 
Professors G. Sansone and R. Conti 
on the theory of nonlinear control 
systems. 

N. Minorksy 
Aix en Provence, France 


Who forgot the perforating bar? 


To tHe Eprror— 

I was clipping articles this evening 
for my file. The August issue with its 
perforated sheets brought a good 
measure of: pleasant response to CtE’s 
effort at service—all too soon dam- 
pened by the binding of the Septem- 
ber issue, however. 

If it is at all economically feasible 
to continue the practice of perforat- 
ing your editorial material and lay- 
out, please do so. 

Jerome Stone 
Philadelphia, Pa. 


In the hustle and bustle of pro- 
ducing the special issue, both the 
Editorial and Production Departments 
completely forgot about perforations. 
We intend to continue our policy of 
perforating and of placing ads in the 
feature section so that the articles can 
be torn out individually. Ed. 
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Courtesy Commander 337th Fighter Group, U. S. A. F. 


Low Cost WAV LUG hy oscitoscore 





TYPE 317—It's excellent for the daylight conditions often encountered in the field 
and at production test stations. The brilliant trace, provided by 9-KV accelerating 
potential on a new Tektronix 3-inch cathode-ray tube, is easily readable in bright areas, 
even at low sweep-repetition rates. And its DC-to-10 MC vertical response easily 
takes care of most of today’s complex field applications. 

The Type 317 is an excellent laboratory oscilloscope, too. Ask your Tektronix 


Field Engineer or Representative to arrange a demonstration in your most demand- 


ing applications. 





VERTICAL RESPONSE 
Passband—dc to 10 mc. 
Risetime—0.035 psec. 
Sensitivity— 0.1 v/div to 125 v/div, de-coupled and ac-coupled— 
0.01 v/div to 0.1 v/div, ac-coupled only. Twelve calibrated sensi- 
tivity steps. 
SWEEP RANGE 
0.2 usec/div to 6 sec/div. 22 calibrated steps from 0.2 psec/div to 
2 sec/div. 
5-x magnifier increases calibrated sweep rate to 0.04 jsec/div. 
TRIGGERING 
Preset or manual stability control with amplitude-level selection, and 
fully-automatic triggering. 
ACCELERATING POTENTIAL 
9-KV on new Tektronix high-voltage 3-inch cathode-ray tube. 


CALIBRATOR 
Amplitude calibrator, 0.05 to 100 v in 11 steps, square-wave fre- 
quency about | kc. 





ENGINEERS —interested in furthering the advancement of the oscilloscope? We hove 
openings for men with creative ability in circuit end instrument design, cathode-ray 
tube design, ond semiconductor research. Please write Richord Ropiequet, V.P., Eng 
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OTHER FEATURES 


Electronic power-supply regulation 

External input to horizontal amplifier 

Warning lights for uncalibrated sweep-rate and sensitivity settings. 
Magnifier indicator light. 

Size—8'/2" wide, 12” high, 19'/2" deep 

Weight—35 Ibs. 


Type 317 $800 (50 to 60 cycle supply). 
Type 317 MOD101 $835 (50 to 800 cycle supply). 
RACK MOUNTING MODEL—Some electrical specifications as Type 
317. Dimensions: 7" high, 19" wide, 17 9/16" rack depth. 
Type RM17 $875 
f.0.b. factory 


Tektronix, Inc. 


P.O. Box 831 «+ Portland 7, Oregon 
Phone CYpress 2-2611 * TWX-PD 311 * Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albertson, |. |., N.Y. * Albuquerque * Annondole, Vo. * Atlanta, 
Ga. * Buffalo * Cleveland + Dollos * Doyton + Endwell, N.Y. * Houston * Lathrup Village, Mich 
Lexington, Mass. * East Los Angeles * West Los Angeles * Minneapolis * Mission, Kansas 
Orlando, Fla. * Palo Alto, Calif. * Park Ridge, Ill. + Philadelphia + San Diego * St. Petersburg, Flo 
Ss dale, Ariz. * Stamford, Conn. * Syracuse * Towson, Md. * Union, N.J. * Willowdale, Ont 


TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electronics, Portiond, Oregon, 
Seattle, Wash.; Hytronic Measurements, Denver, Colo., Salt Loke City, Utah 





Tektronix is represented in 20 overseas countries by qualified engineering organizations, 
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C, is the thing to see 


Take a hard look at fundamentals when you 
buy diaphragm control valves. 


Valves of the same size won’t necessarily de- 
liver the same amount of valve performance. 
Flow capacity, not nominal size, is the dollar 
dimension to look at. 


K&M valves provide the largest flow coef- 
ficient available. That means, in some cases, 
you can use the next smaller size at a worth- 
while saving in dollars. In all cases, K&M’s 
higher Cy produces a smaller pressure loss in 
the body; it places the flow restriction where it 
belongs . . . at the controlled inner valve. 


Averaging 140% of cross-sectional pipe area 
K&M valves provide more space for fluids to 
flow .. . smoothly, freely with less turbulence. 





& 







diaphragm control valves 
Our 79th Year 
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Result—you get what you are really after 
. .. better controllability at lower cost. 


Why not size up your control valve buying 
decisions on a real—not nominal—size basis? 


Request Bulletin CV53 


y COMPARISON TABLE 


K&M 


10.9 
17.3 
39.1 
61 
97.7 
150 
219 
500 





KIELEY & MUELLER, INCORPORATED 


Oldest Pressure and Level Control Valve Manufacturer 


Valve B 
8.4 
14.9 
33.2 


57 
71.0 
116 
497 
364 





64 Genung Street, Middletown, New York 
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A CONTROL PERSONALITY 


N. B. Nichols 





a shirt-sleeved practitioner 


Clutching a chewed cigar, his shirt sleeves rolled 
above the elbow, control engineer Nathaniel Nichols is 
likely to be working on problems so far apart that the 
answer to one might be couched in the theoretical terms 
understandable only to a PhD research scientist, and the 
answer to another might be empirical, something an 
instrument maintenance man could understand and use. 
Since his graduation from Central State Teachers Col- 
lege (now Central Michigan University) in 1936 with a 
BS in chemistry, Nichols has been exposed to a variety 
of control problems. Today, as vice-president and chief 
engineer, he’s putting this broad exposure to work on 
the management team which is revitalizing instrument 
maker The Taylor Instrument Cos. 

Nichols almost became a high school teacher. He was 
saved for industry by a scholarship at the University of 
Michigan and a summer job in the Physics Laboratory 
at Dow Chemical Co. The summer job introduced him 
to instrumentation and control. His first boss was Porter 
Hart, president of ISA in 1953, and he worked with 
such well-known control engineers as John Grebe and 
Ray Boundy, who is now head of Dow’s research labora- 
tories. Nicholas has been in the control business ever 
since. 

At the University of Michigan he majored in Physics, 
earned his MS in 1937, and studied on until 1940, 
working for his doctor’s degree. With his research 
finished, he left, intending to write his thesis later. But 
he never did. Today, he’s adamant when the talk turns 
to thesis writing. His advice: stay in school until the last 
i is dotted. 

In the summer of 1937, while on his summer job at 
Dow’s Physics Laboratory, he designed a cathode ray 
polarograph to measure chemical composition. The de- 
velopment resulted in his first patent, and a paper he co- 
authored describing it won for him the American Elec- 
trochemical Society’s young author prize in 1938. 

When he left the University of Michigan, Nat (or 
Nick) joined The Taylor Instrument Cos. as a research 
physicist. There he collaborated with J. G. Ziegler on 
a study of process control that led to an often reprinted 
technical paper entitled “Optimum Settings for Auto- 
matic Controllers”. In this the authors described an em- 
pirical method of adjusting controllers to obtain opti 
mum results. Its popularity stems from the method’s 
being casily understood by plant instrument men. 

After World War II started, Nichols moved to the 
Radiation Laboratory at MIT where he was assigned for 
a six-month period to work in the Servo Laboratory with 
Dr. Gordon Brown. After this, Nick returned to the 
Radiation Laboratory as group leader of the servo group. 

In the Radiation Laboratory he worked on such 
projects as developing a 2- to 3-hp. amplidyne drive for 
a Navy gun director and devising instrument servos for 
an analog computer in a ship stabilized automatic 
tracking radar system. 

In 1945 Nichols left the Radiation Laboratory and 
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returned to Taylor Instrument as director of research. 
But before he started work at Taylor, he took some time 
off to write his portion of the pioneering book Theory 
of Servomechanisms (edited by James, Nichols, and 
Phillips). Published in 1947*, it was the first book 
written on servo theory and it contained a description 
of how to use the Nichols diagram to study frequency 
response stability. Since then this plot has become 4 
favorite tool of control engineers. 

Nichols’ early teaching training finally caught up to 
him in 1950. Enticed by an offer to set up a new 
course and facility in computing, he went out to the 
University of Minnesota as a professor of electrical 
engineering in 1950. He operated an analog and digital 
computing center, organized the first computer courses 
on the Minneapolis campus, and taught them. But 
when the Korea trouble started, industry—in the form 
of Raytheon Mfg. Co.—led him away from his short- 
lived academic life back to industry as manager of the 
Research Div. At Raytheon Nichols’ main emphasis 
was on semiconductor research, though he did some 
looking at machine tool control too. He had worked his 
way up to the position of assistant vice-president when 
Taylor Instrument came to him again. 

In 1957 he returned to Taylor for the third time, this 
time as chief engineer. He was elected a vice-president 
in 1958. Nichols is currently bringing ‘Taylor back up to 
full strength technologically. His broad background— 
instrument design, process control, servo design and 
theory, computer technology, and semiconductors—is 
shaping the company’s engineering direction, imple- 
menting it with his shirt-sleeved approach to control. 


*McGraw-Hill Book Co., Inc., New York. 
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125°C, 


0°C. 





—55°C. 


New size 08 Ketay Resolver is stable 
over entire temperature range 


This new Ketay Resolver provides stability over the These features permit cascading twice as many re- 
entire temperature range of —55°C to +125°C. This is solvers with less degradation. 

accomplished without the size and weight of compen- 

sating circuitry. Resolver accuracy is now available in this small 08 


R , : ‘ia. size because of superior Ketay design. This Resolver 
The lver has superior electrical characteristics: meets or surpasses applicable military specifications for 








* High Input Impedance—almost twice that of any shock, vibration and humidity. 
existing unit. 
* Lower Phase Shift—half that of existing units. These typical specifications tell the story— 
MAXIMUM VARIATIONS 
Over Entire 
Temperature Range 
At Room Temperature (Open Circuit) 
25°C —55°C to +125°C 
Input Impedance (ohms) 1010+ 10% /79° +1° +10% 
Transformation Ratio 1.059 +1% +1.0% 
Phase Shift (lead) 6.0+1 +2 
Null Voltage (total max.) 50.0 MV +15.0 MV 
Rotor Interaxis Error (max.) +7’ +2’ 
Stator Interaxis Error (max.) +7’ +? 
Functional Accuracy (max.) i ~ 
Frequency 400 cps 
Input Stator 
Number of Phases 
Rotor 2 
Stator 2 











Voltage Rating 26V AC 








Please write for detailed specifications and outline drawings. 


KETAY DEPARTMENT 


Norden Division of United Aircraft Corporation 
en ore 
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Newsbreaks In Control 





@ NO MOVING PARTS IN PNEUMATIC COMPUTING ELEMENTS 


Washington—Three engineers at the U. S Army’s Diamond Ordnance Fuze Labora- 
tories have invented and demonstrated pure pneumatic computing elements with no 
moving parts. The units, initially developed by Dr. R. E. Bowles, B. M. Horton and 
R. W. Warren in their spare time, can perform amplification, feedback, digital com- 
putation, analog computation, normal mathematic functions, and memory. Basically 
the computing elements are a block of metal (or plastic) in which suitable passage- 
ways are provided. They are low cost, extremely rugged, reliable (it takes a bullet shot 
through the units to stop their operation) , and have a long shelf life. The inventors 
see widespread use of the elements in both military and industrial applications: in 
standby computers in missile guidance systems, in control systems of gas pipelines 
and machine tools, and small special purpose computers. Initial demonstration of the 
units was so successful that DOFL has launched a large scale program in pure pneu- 
matic systems. (For details see future issues of CONTROL ENGINEERING.) 


@ AUTOMATIC FLAME IONIZATION DETECTOR 


Melbourne, Australia—Automatic flame ionization detector can identify impurities as 
small as one million-millionth gram in impurities. Developed by the Central Research 
Laboratories, Imperial Chemical Industries of Australia and New Zealand Ltd., the 
device works with a gas chromatograph. When gases leave the chromatograph col- 
umn, they pass through a tiny opening like the needle of a hypodermic syringe and 
are burnt below a metal gauze. The flame closes a circuit. As the gases burn, par- 
ticles of molecules are ionized, and the resistance varies according to the type of gas 
burning. Originally developed to anaylze etheylene gas, ICI is now using the instru- 
ment in other applications. 


@ DIGITAL CONTROLS AT INLAND STEEL 


Chicago—Inland Steel will use natural gas to atomize the fuel in open hearth 
furnaces at its East Chicago, Ind., works for the first time. Superheated steam pre- 
viously had been used. GPE Controls has designed a special digital control system to 
facilitate the changeover. An Inland Steel production man expects the use of natural 
gas will mean a considerable saving and better control of processing. For one thing, 
natural gas costs less on a Btu basis than oil. In addition, the sulphur content of the 
oil used has been increasing, and sulphur is undesirable in the open hearth. A next 
step might be the inclusion of a digital computer to program the cycling of the open 
hearth for the operator in open loop fashion. 


@ HIGH SPEED LARC AIMED AT BROAD APPLICATIONS 


New York—Remington-Rand Univac Div., Sperry Rand Corp. will open up a new era 
in business data processing when it starts selling the newly completed Univac Larc 
Solid State Computer. Announced several years ago, Larc was developed primarily to 
solve atomic energy problems at the AEC’s Livermore, Calif., installation. It can per- 
form 250,000 additions or subtractions of 12-digit decimal numbers per sec, almost 
200 times faster than any other computer in existence today. Now Rem-Rand sees 
other applications, primarily in business data processing. ‘Typical example: prepara- 
tion of payroll and labor distribution for a plant employing 15,000 employees could 
be done in 15 hours per month instead of 450 to 900 hrs as now required. One pos- 
sible roadblock is high cost of Larc: over $6 million, rent from $135,000 a month. 
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Subroc 


ee 
1 38S integrated 


servoactuator units 


siesteccs ...are providing compact, 
lightweight, reliable actuation 
for critical 


flight control systems 


Jupiter ’ ‘ 


ervoactuator packages are custom- 
esigned for each application. These packages 
usually include an electrohydraulic 


a cylinder-piston assemblywand an 


Write for catalog 170. 


MOOG SERVOCONTROLS, INC. PRONER AIRPORT, EAST AURORA, N. Y. 


LEADING INNOVATOR AND PRODUCER OF ADVANCED ELECTROHYDRAULIC SERVOVALVES 
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New Improved Guidance 
Key to US Space Shots 


As CtE went to press, Cape Canaveral Correspondent 
Dederer wired an exclusive report on a new guidance 


development. Because it will exert important influence on 
U.S. space exploration, we rushed it into print. The news: 
a miniaturized guidance system has been developed 
for launch-to-orbit control for the U.S.’s moon satellite. 


CAPE CANAVERAL— 

U. S. interplanetary space probes 
scheduled for launch in December and 
early 1960 will have three separate 
radio controlled guidance systems. 
CtE learned this as the National Aero- 
nautics and Space Administration 
readied a probe for an attempt to 
orbit the moon late in November. 
The four-stage vehicle, an Atlas-Able, 
will depend on a conventional Atlas 
guidance system for launching. Then, 
what enthusiastic NASA _ engineers 
call a “revolutionary” guidance system 
in the second stage will direct the 
probe out of the atmosphere. And a 
nearly identical system in the pay- 
load will guide the probe over the 
bulk of the 62-hr. finicky trajectory 
required to reach the vicinity of the 
moon. The moon probe scheduled 
for November will be the first U. S. 
shot which will carry working guid- 
ance in the payload. 

The Atlas-Able being readied for 
the lunar orbit represents the U. S.’s 
most powerful space punch to date. 
It consists of a complete Atlas mis- 
sile, on top of which has been 
mounted an Able vehicle (a modified 
Vanguard engine). Next is a solid- 
fueled third stage rocket. The pow- 
ered spherical payload sits on top of 
this third stage. 

Just before ignition of the payload 
engine, four vanes in the payload sur- 
face will spring out and lock into 
place, producing a paddlewheel satel- 
lite. Sides of the paddlewheels are 
honeycombed with 8,000 solar cells 
that will convert sunlight into elec- 
trical energy to recharge the probe’s 
chemical batteries. 

The first stage guidance system, 
standard Atlas guidance built by the 
General Electric Co., has already been 
put through exhaustive tests during 
the proving of the Atlas missile. The 
new guidance system, developed by 
Space Technology Laboratories, was 
first environmentally tested in Ex- 
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plorer VI, the 142-pound paddle- 
wheel satellite put into orbit around 
the earth last August. But it went 
along just for the ride, did no guid- 
ing in Explorer VI. 

What makes the STL guidance sys- 
tem so startling, say Cape Canaveral 
space men, is the fact that it is small 
enough and light enough to fit in the 
paddlewheel payload. The part of 
the probe that will orbit the moon 
will weigh only 378 pounds, of which 
240 Ibs represent engine weight, and 
138 pounds intrumentation and con- 
trol. 

Scientists are so enthusiastic about 
the STL guidance system that they 
say the previously considered “fan- 
tastically difficult” job of hitting the 
moon would now be “child’s play”. 
The same men feel that if the first 
Atlas-Able shot fails to orbit the moon 
and hits the lunar body instead, 
they'll consider the experiment a 
“bust”. 

Probably the key parts of both the 
GE and STL guidance systems are 
on the ground. The airborne portion’s 
main jobs are determining informa- 
tion from which the ground crew can 
calculate where the probe is, and then 
taking control signals radioed from 
the ground and activating the gimbals 
of the Able engine or the hydrazine 
engine in the payload. 

STL system relies on Doppler tech- 
niques (shift of frequency of radio 
waves as the transmitter moves) for 
much of the location information. 
It is a modification of the Azusa sys- 
tem of tracking. Range is determined 
by modulating the carrier frequency 
of the ground station with three low 
frequency sinusoidal signals. By meas- 
uring the phase shift of the sinusoidal 
modulation, ground crews can cal- 
culate the range of the probe. 

In a special computer, velocity and 
location of the probe will be con- 
tinually compared to what has been 
previously calculated as a proper tra- 
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jectory to orbit the moon. The com- 
puter will calculate deviations and de- 
termine what control signals shall be 
radioed to the probe to put it back on 
course. To do this an airborne trans- 
ponder is interrogated by the ground 
guidance station. After the computer 
calculates steering signals they are 
transmitted to the probe. 

To put the probe in orbit around 
the moon, scientists will fire the hy- 
drazine-burning engine of the pay: 
load. This unusual engine can be fired 
in short bursts, has a thrust chamber 
at each end so that it can increase 
velocity or decrease it. Scientists ex- 
pect to fire the “retro” chamber of 
the engine when the probe reaches 
the vicinity of the moon so that the 
moon’s grav ity can pull the probe into 
orbit. 

¢ Instrumentation—Many of the in- 
struments for space exploration are 
similar to those carried by Explorer 
VI, the first paddlewheel satellite. A 
24-lb television scanner working in 
the infrared region will store photos 
of the moon’s hidden side and play 
them back on command. The photos 
will be reproduced in a manner simi- 
lar to the playback of a facsimile 
transmitted by wire. 

Other instrumentation — includes: 
two magnetometers for magnetic field 
evaluation experiments, two micro- 
meteorite counters to measure num- 
ber of hits scored by meteorites, a 
device to measure three levels of cos- 
mic radiation, and an aspect indicator 
to measure electric current in space. 
STL engineers have also come up 
with a unique but simple method of 
keeping the temperature of the probe 
relatively constant. Cells, shaped like 
Maltese crosses, are mounted on spin- 
dles on the outer skin of the probe 
and connected to a simple thermostat 
which is located inside the probe. On 
one side of each cell is a dark-sur- 
faced titanium foil decal which ab- 
sorbs heat; on the other side, a white 
side which reflects heat. If the tem- 
perature inside the probe rises, the 
thermostat moves the cells so that the 
white sides reflect heat from the 
probe. 

e Turkey shoot—As Controt EN 
GINEERING went to press, NASA was 
planning a lunar satellite try for 
Thanksgiving day. 

The Atlas-Able moon missile will 
pave the way for a probe towards 
Venus sometime in December. NASA 
will use the Atlas-Able vehicle and its 
three radio controlled guidance sys 
tems for that shoot too. 

—Douglas Dederer 
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A PARTIAL SHOWING. OVER 60 DIFFERENT 
SIZE 8 ROTARY COMPONENTS AVAILABLE 


Clifton Precision’s size 8 rotary components have been tried and proven by customers over the past 4 years. More than 50,000 have been 
shipped. These are the most accurate and best tested (because they are use tested) size 8 rotary components on the market today. 


1. Torque transmitter (26v. input) 2. Torque transmitter (115v. input) 3. Control transformer (lo Z) 4. Control transformer (hi Z) 5. Controi 
transformer (very hi Z) 6. Torque receiver (26v. input) 7. Torque receiver (115v. input) 8. Torque differential (lo Z) 9. Torque differential 
(hi Z) 10. Electrical resolver (.5 tr.) 11. Precision computing resolver (feedback winding) 12. Electrical resolver (1 t.r.) 13. Linear trans- 
former (115v. input) 14. Linear transformer (26v. input) 15. Servo motor (1” length, .40 in-oz stall torque) 16. Motor generator (10v. input) 
17. Servo motor (53/64” long) 18. Servo motor (35v. center tap) 19. Servo motor (26v. center tap) 20. Motor generator (26v. input) 21. Servo 
motor (.30 in-oz stall torque) 22. D.C. motor (14v. input) 23. D.C. motor (28v. input) 

ts field. Write David D. Brown, Director of Personnel, Dept. N12. 
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ENGINEERS — Join the leader in the r 


CLIFTON PRECISION PRODUCTS co., inc. € 


Siwe +t .o 8 2 te wn Ts 


Sales Office: 9014 W. Chester Pike, Upper Darby, Pa.—Hilitop 9-1200, TWX Flanders, Pa. 1122 
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AUTOMATIC INSPECTION system checks out an aircraft 
part. Pneumatic gage at top right records deviations in hori- 
zontal measurements. Vertical measurements are made on the 
indicator at top left which records actual dimensions, rather 


than deviations. 


Automatic Inspection 
by Machine Tool Control 


LOS ANGELES— 

To satisfied users of numerical con- 
trol systems on machine tools, the 
next step in machine shop moderniza- 
tion—automatic inspection—is eagerly 
awaited. At Boeing Airplane Co., for 
example, numerically-controlled tools 
are cranking out parts at a frantic rate, 
but an army of inspectors surrounds 
the machines checking the end re- 
sults. Last month Stromberg Carlson 
introduced one approach to automatic 
inspection. S-C has refined its 202 
point-to-point positioning system so 
that it selectively inspects high quan- 
tity production parts—measuring as 
large as 14 in. x 18 in. x 10 in.—to 
accuracies of 0.001 in. 

The new machine, said an S-C 
spokesman, should reduce mechanical 
inspection time of typical parts by 
75 percent. But it will not yet replace 
the human inspector. Instead, it is 
designed to assist him. The initial 
design, equipped with two-axis con- 
trol and manual readout, does not rec- 
ognize material identity, nor can it 
detect gross surface or machining 
errors outside inspection areas. 

S-C’s new inspector is punched- 
tape controlled, incorporates all three 
components of its parent Digimatic 
System (CtE, Feb. ’58, p. 115), in- 
cluding keyboard, control console, and 
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servo positioning table. The key addi- 
tion, however, is a stationary air probe 
sensing unit, which measures extent 
of part deviation at each programmed 
inspection point on horizontal axes. 

Vertical dimensions in this early 
model are measured by lowering a 
quill (arm) until a mechanical dial in- 
dicator makes contact with the part. 

To program the S-C inspector, a 
clerk prepares planning sheets which 
detail consecutive points of inspection 
and specify dimensions at these part 
locations. Information from the plan- 
ning sheet is then punched into a key- 
board in decimal coordinates to pro- 
duce the punched tape program. 

¢ Inspection order—Key parts of the 
servo table are the base, cross-slide, 
and table. Y-axis motion results from 
movement of the cross slide relative to 
the base. X-axis motion stems from 
movement of the table with respect to 
the cross slide. 

During inspection, the machine 
checks horizontal (X and Y) measure- 
ments first. The punched tape con- 
secutively positions individual inspec- 
tion points at the tip of the stationary 
deflection probe. If the point is ex- 
actly correct, the probe shows zero 
deflection. If the point is oversize or 
undersize, however, the probe indi- 
cates on a pneumatic gage the extent 


and type of deviation in thousandths 
of an inch, 

To make thickness measurements, 
the operator first replaces the deflec- 
tion probe with the mechanical dial 
indicator. The machines moves to the 
X and Y coordinates of the inspection 
point. When it reaches the inspection 
point and stops, the operator lowers 
the quill and takes a vertical reading. 
When a mechanical indicator makes 
contact with the part, it relates this 
position to table surface position in 
thousandths of inches. The human 
operator records the reading and raises 
the quill to allow the machine to move 
to the next point. 

¢Manual operations—With S-C’s 
system the human inspector also has 
to rotate the deflection probe four 
times during the inspection process 
because the probe can measure in a sin- 
gle direction only. The rotation ac- 
commodates the change in direction 
of the table travel as it brings each 
of a part’s four horizontal alesis in 
contact with the probe. 

The present model has a traverse 
speed of 100 in. per minute. Its abso- 
lute positioning accuracy is plus or 
minus 0.001 in. Repeatability is plus 
or minus 0.0002 in. Price $22,500. 

—Michael Murphy 
McGraw-Hill News 





SWAP-LOCK 3:%:..- 


Actuate Two Circuits 
Simultaneously 
Without Special Linkage 


The D-2400 series Snap-Lock Limit Switches with two normally open 
and two normally closed contacts permit making or breaking two 
individual circuits simultaneously. Mounting problems are simplified, 
special linkages eliminated and costs kept to a minimum. 

Snap-Lock Limit Switches were originated by National Acme to meet 
the severe mechanical and electrical conditions imposed by all types of 
machine tools. The outstanding simplicity and ruggedness of these water 
and oil tight switches make them adaptable to the toughest heavy-duty 
assignments. 

Four basic models with a wide variety of actuating levers will handle 
up to 5 amps, 600 volts, AC. For complete details, parts list, and scale 
drawings, write for Bulletin EM-5824. 


’ SNap- tae 


TRADE MARK 


: THE NATIONAL 
ACME COMPANY 
A ¢€ fa 8] e 165 E. 131st STREET 
) CLEVELAND 8, OHIO 
ba i Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
| SWITCH 
a’ en 





MECHANICAL SIDE ELECTRICAL SIDE 

















THE NATIONAL ACME CO. 
CLEVELAND. OHIO 
MADE IN USA 


PATENTS APPLIFO FOR 








NAMCO 02400 

al . All Snap-Lock switches have separate enclosures within a single 
housing for the mechanical and electrical sides. Ample wiring 
space is provided and maintenance greatly simplified. 
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Oceana’s RATCC., Air traffic controllers sit at the left, radar opera- 
tors at the right in blue room. SPANRAD viewers, which convert 
radar blips to TV pictures, have been placed above the consoles 


Navy Speeds Landings 


with Positive Control 


Radar control at a Navy 
base lands jet aircraft at a 
rate of one per minute in 
any kind of weather. The 
big question: will it work 
for civilian aircraft? 


VIRGINIA BEACH, VA. 
Rendezvousing 35 miles from the 
Oceana Naval Air Station in a blustery 
rain storm, four Navy jet fighters on a 
training mission were picked up by 
the Navy's new Radar Air Traffic 
Control Center (RATCC) at Oceana. 
Che planes peeled off under instruc- 
tions from the ground, swooshed into 
a preassigned compass heading, and 
10 minutes later all four were on the 
ground, taxiing towards their hangars. 
Meanwhile, 40 minutes away at the 
civilian Washington, D. C., airport, 
commercial airliners droned overhead, 
circling in the familiar stacking at- 
rangement, waiting their turn to land. 
As much as 75 minutes passed before 
the last airliner in the stack landed. 
This contrast (a frequent one) 
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demonstrates the big advantage of 
positive control of aircraft traffic. At 
Oceana, the Navy's prototype 
RATCC, positive control increased 
landing capability from 600 aircraft 
per day under conventional instru 
ment control techniques to 1,500 per 
day with the new arrangement—in 
any kind of weather. Eventually, the 
Navy will have 17 RATCC’s like the 
one at Oceana. Six are already in com- 
mission, though not yet equipped with 
the same electronic instrumentation. 

At Oceana, positive control means 
keeping aircraft under radar surveil 
lance continually and guiding a plane 
down verbally. To do this, the 
RATCC has three different radar sets. 
First, the center picks up aircraft with 
medium range (200 mile) radar; at 
about 50 miles a short range radar 
takes over; and finally a precision ra 
dar guides the aircraft from about 9 
miles down to touchdown. Radar sur- 
veillance extends to an altitude of 
60,000 ft. 

Because the average radar operator 
can watch no more than five aircraft 
at a time, the Navy has backed up its 


radar plan position indicators (PPI 
displays) with a device called SPAN- 
RAD (Superimposed Panoramic Ra- 
dar Display), built by Intercontinental 
Electronics Corp. Spanrad converts 
the radar picture to a_ television 
one, stores the location of the air- 
craft blips so that the operator need 
not keep their locations in mind con- 
tinually, and permits superimposing 
“shrimp boats (plastic markers shaped 
like arrows which air traffic controllers 
traditionally use to identify aircraft 
on radar) on the viewed T'V cast. 

Although some pilot indoctrination 
helps instill confidence in the system, 
training is not necessary. The pilot 
only has to follow instructions trans- 
mitted from the ground as to compass 
heading, altitude, and airspeed. Flying 
the Oceana system is no different than 
making any other instrument flight 
rule trip, except that the contacts be- 
tween plane and ground are more fre- 
quent in positive control. 

¢ Pilot to RATCC—Operationally, 
here is how positive control works at 
Oceana. As an inbound aircraft (or 
flight of four aircraft) arrives within 
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When is an arm 
more than an arm? 


That’s easy! When it incorporates 
superhuman strength, dexterity, 
versatility ... and programmed 
manipulation! 


The General Mills Mechanical Arm 
can duplicate—and in many ways 
excel—the complex motions of the 
human arm. For over a decade, this 
remotely controlled manipulator has 
served the atomic industry; operating 
in radioactive areas which are bio- 
logically ‘‘off limits” to man. 


Now, directed by an automatic analog 
controller, this modern “‘Samson’’ is 
ready to take its place on your indus- 
trial production line— repetitively 
performing difficult, hazardous oper- 
ations in any working environment. 
General Mills’ principle of analog con- 
trol can be compared with the function 
of an imaginary “electrical cam.”’ This 
controller, a relatively simple mem- 
ory device, provides precise, positive 
recording and tireless, perpetual 
playback of a series of random, non- 
linear motions. 


If automatic programming of complex 
manual operations—and the conse- 
quential savings in time and money 
—can conceivably benefit some phase 
of your production, we would like to 
hear from you. We’d appreciate an 
opportunity to discuss with you a 
specific application of an analog con- 
trolled Mechanical Arm—and how it 
can be readily adapted to serve you. 


Write today! 


NUCLEAR EQUIPMENT DEPARTMENT 
419 North 5th Street 


MECHANICAL 
DIVISION 
Minneapolis 1, Minn. 


28 CIRCLE 28 ON READER SERVICE CARD 








WHAT’‘’S NEW | 


“, «you are now on final approach . . . you are now on glide 
path ... you are now over touchdown . . . land aircraft . . .” 


radio communication distance, the 
pilot contacts Oceana approach con- 
trol. An approach controller makes 
out a flight strip on the aircraft, in- 
corporating identification information, 
speed, altitude, and estimated time of 
arrival. He relays the latest weather 
and assigns an altitude to avoid con- 
flicts with other traffic. Then the 
approach controller advises the me- 
dium range radar operator to look for 
the flight on his radar equipment and 
to advise when it is picked up. 

On report of radar contact, the con- 
troller advises the pilot to contact 
Oceana radar on a given radio fre- 
quency. After contact is made, the 
radar operator puts the airplane on a 
compass heading so that it intercepts 
the Oceana approach position (approx- 
imately 36 miles south of the Air Sta- 
tion). 

As the flight approaches the fix, the 
short range radar operator picks up 
the aircraft. When it reaches the fix, 
the radar man directs him to steer a 
certain heading and to begin his 
descent. 

Ten miles from the airport, the air- 
craft is picked up by the precision 
radar operator. From this point. the 
pilot “flies the controller’s voice”: 

“You are now on final approach, 
do not attempt to acknowledge anv 
further transmissions. If no com- 
munications are received for any five 
second interval while on final descent, 
pull up straight ahead and follow lost 
communications instructions (previ- 
ously given bv short range radar opera- 
tor). You are now on glide path head- 
ing 050 degrees, adjust your rate of 
descent to hold on glide path.” 

The controller continues to guide 
the plane by watching the aircraft’s 
position with respect to glide path and 
runway center line etched on the face 
of the scope. 

And finally the pilot hears, “You 
are over touchdown, land _ aircraft 
straight ahead, switch to tower for 
taxi instructions when you have slowed 
down, Oceana radar out”. 

Using this svstem, Oceana has 
landed aircraft when the visibility was 
down to as little as a quarter of a 
mile. 

Because there are three positions for 
each type of radar. three aircraft can 
be placed on final approach at the 
same time. Planes can then land at 
the rate of one each minute; in an 
emergency the system can land an air- 


craft every 30 secs. 

¢ For civilian aircraft?—After watch- 
ing positive control work at Oceana 
(watchers at a press tour saw an un- 
expected, better-than-average demon- 
stration when one aircraft lost its com- 
munication system in the midst of its 
approach, had to follow the plane in 
front of it to make a landing), observ- 
ers were convinced it works fine for 
Navy training and tactical operations. 
But the big question is still unan- 
swered: will such positive control work 
with mushrooming civilian air traffic? 

Even enthusiastic boosters of the 
Navy’s system are dubious. For ex- 
ample, Commander W. E. Tucker, 
RATCC officer at Oceana, says prob- 
ably not. He points out that radar 
will not pick up many of the small 
business aircraft that make up general 
aviation, the biggest, in numbers, 
chunk of aviation. In addition, many 
of these small planes have no radio, 
an essential piece of equipment to 
close the loop of positive control, and 
their pilots are not qualified to fly in- 
strument flight rules. Finally, Oceana’s 
air traffic is still small compared to 
such truly congested air spaces as 
Washington, D.C., New York, and 
Chicago. 

The Navy system has no electronic 
data processing because it is not 
needed. 

«Means of positive control—Still 
the Federal Aviation Agency is study- 
ing possible ways of exerting positive 
control. Radar, as used at Oceana, is 
only one approach. Another method 
is a system developed by Servo Corp., 
which pinpoints aircraft’s position by 
tracking the radio beam an aircraft 
emits when it communicates with an 
air trafic center or tower. Loctracs, 
which Lockheed Electronic and Avi- 
onics Div. unveiled in October, is 
based on continuous automatic trans- 
mission of coded signals from a spe- 
cial transmitter in the airplane. 
Ground stations, located across the 
U.S. which would be divided into 
sectors, would locate the plane from 
these signals, then transmit position 
data to the nearest Air Traffic Control 
Center. 

Just what method of tracking FAA 
will adopt, if any, is anybody’s guess. 
But more and more aircraft specialists 
are reaching the opinion that positive 
control of all aircraft has got to come 
—it is only a question of time. 

—Lewis H. Young 
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Every feature you’ve ever 
wanted, now yours with this 


NEW MOSELEY 


X-Y RECORDER 


NEW MODEL 2D 


Model 2D is a significantly advanced X-Y Recorder offering 
virtually every useful Recorder capability, plus a new con- 
trol panel arrangement insuring maximum operating con- 
venience. Brief specifications are: Input range 7.5 mv to 
150 v on X-axis; 5 mv to 100 v on Y-axis. X-axis time base, 5 
steps, 7.5 to 750 secs. Input resistance 200,000 ohms/v, 
accuracy and resolution + .2%, zero offset, pen speed 
20 in/sec each axis, vacuum paper hold-down. 


Call your Moseley AUTOGRAF Recorder representative 
today or write direct for detailed data on 
Model 2D and accessories. 


Data subject to change without notice. 


Pioneer and leader in X-Y and Strip-Chart Recorders 
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New, integral AC/DC input 

No extra AC converter to buy 
Built-in X-axis time base 
Operates direct from transducer 
Accuracy, resolution + 0.25% 


Local or remote operation 


and look at the broader utility 
you get with these precision 
Moseley accessories 





Digital character printer 


Curve follower 


Continuous roll transport 


F.L.MOSELEY COMPANY 
Dept. Al0, 409 N. Fair Oaks Ave., Pasadena, California 
MUrray 1-0208 TWX PASA CAL 7687 


Field representatives in all principal areas aie 
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all-solid-state 


SEQUENTIAL 
SCANNERS 


MONITRON is an electronic scanner which 
monitors from 8 to 256 on-off or go-no-go 
input signals. Scanning rates range from 15 
| cps to 1 ke, meeting the bandwidth require- 
ments of almost any application. 





DECODER 


@ All solid-state components 


f for years of reliable, maintenance-free 
i service 
© Modular, plug-in design 
for instant replacement and future system 
expansion 
 @ Fully 


compatible 
with existing telephone, telegraph and 
microwave practice 


@ Available either in integrated systems or 
component modules 


Anywhere you have need for alarm monitoring, 
centralized control, or an automatic alarm- 
and-control closed loop, you'll find that 

_ Monitron offers performance advantages over 
any other system. 


Monitron is widely used for supervisory con- 
_ trot in pipetine and railroad applications, for 
_ microwave alarm systems in unattended sta- 
' tions, and for PDM multiplexing systems, Other 
| uses include telemetering digital information, 
converting parallel data to serial data, and 

time multiplexing of slowly changing or quasi- 
_ Static ses Cost is comparable with older- 
esse pene ; nest and ease of opera- 
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RCA’s electronic camera is 
designed for space age pho- 
tography from satellites and 
space vehicles. Pencil points 
to reel of electrostatic tape 
upon which image is recorded 
instead of film 


New Life for Photography 
in Space Technology 


Satellite exploration calls for new instruments for measur- 
ing visual radiation, infrared, and ultraviolet. And it calls 
for new methods of recording the image. 


NEW YORK— 

Space exploration is putting new 
life into the photographic instrumen- 
tation business. Normally leaning 
heavily on the entertainment aspects 
of photography, the Society of Mo- 
tion Picture and ‘Television Engineers 
offered up some rare listening matter 
to its 86th Semiannual convention in 
October. Sessions on Space ‘Tech- 
nology and Image Sensing heard pa- 
pers that ranged trom practical weather 
forecasting to pure scientific theory. 

Instruments in space promise the 
weatherman a new dimension in his 
task of predicting weather. In one 
paper, D. S. Johnson, U. S. Weather 
Bureau, reported that because the 
earth’s weather is determined mostly 
by conditions prevailing in the lowest 
40 miles of the atmosphere, satellite 
observations for weather 
quire image sensors that can measure 
solar radiations reflected, or infrared 
radiations emitted, from the earth and 
its atmosphere. 


analysis re- 


One technique the weathermen feel 
is promising is the observation of 
clouds for distribution and type. De- 
tecting clouds illuminated by sunlight, 
moonlight, and even starlight puts 
exacting requirements on sensors. For 
observations with solar radiation, 
Johnson said, the sensor has to be 
sensitive to the wavelength around 
0.65 microns for optimum relative con- 
trast between clouds and backgrounds. 

¢ Infrared viewing—Geophysicists, as 
well as meteorologists, could dig out 
valuable information from infrared 
maps of the earth taken from satellites 
reported R. A. Hanel and W. C. 
Stroud of the National Aeronautics 
and Space Administration. Water va- 
por and carbon dioxide, which act as 
huge radiation filters, and clouds, 
which serve as a shutter, radiate en 
ergy proportional to their own tem- 
peratures and in the safe spectral bands 
that they absorb. 

If a satellite were to carry infrared 
sensors which were sensitive to water 


One channel of the radiation experiment planned for Tiros satellite. 
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TYPICAL CONTROLLED RECTIFIER BRIDGE REGULATED POWER SUPPLY 


Switch 1-Ampere at 125°C 
Stud Temperature 





Now, the high current-high temperature capabilities and 
new small size of the TI 130-Series permits practical use of 
controlled rectifiers in such applications as relays and 
switches in regulated power supplies, light dimmers, servo- 
motor controls, reversing drives and surge voltage suppres- 
sion devices. 


The TI diffused silicon P-N-P-N controlled rectifier has a 
third lead which controls current flow. A low 5-ma current 
fires the device which requires only 0.6 microsecond turn-on 
time. You get guaranteed PIV and breakover voltage ranges 
from 50 to 400 volts and an average rectified forward current 
of 3 amperes at 75°C and 1 ampere at 125°C stud tempera- 
ture. Maximum operating temperature is 150°C! 


germanium and silicon transistors 
silicon diodes and rectifiers 
tentheap solid tantalum capacitors 
precision carbon film resistors 
silicon resistors 


TEXAS 


You are assured of uniform reliability through completely 
diffused silicon construction which provides higher power 
dissipation and high sensitivity. 


Contact your local TI representative for immediate delivery 
of TI P-N-P-N controlled rectifiers in production quantities! 





Wide for data folder containing | _ free [ 
complete parameters on Types TI 130, #32 AHF 


131, 132, 133, 134 Diffused Silicon 
P-N-P-N Controlled Rectifiers. 











INCORPORATED 
f SEMICONDUCTOR-COMPONENTS DIVISION 

13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 + DALLAS, TEXAS 
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WE INVITE YOUR ENQUIRIES 
FOR SYNCHRO GEARHFADS 








60:1 


300 :1 


These gearheads are designed to mount on the front of standard Bu-Ord, 
SAE. and RAE. size || motors, and can accommodate the different shaft 
lengths of these types. They have the same overall diameter and mounting 
arrangements as the motors to enable them to be mounted in a similar 
manner. Types are available modified for use with size 08 or size 10 motors, 
or on their own as speed reducers. In the design particular attention has 
been paid to robust construction and long life, ball bearings are used 
throughout and the materials and dimensions of the gears have been 
chosen to give minimum amount of wear. 


PERFORMANCE SPECIFICATION 


INPUT. The input gear meshes with the 13 tooth 120 DP. pinion of either standard 
Mark 14 motors, size || motors to SAE. ARP. 497 or size || motors to RAE. EL. 1789. 
OUTPUT. The standard output shaft is splined 2! teeth 120 DP. with thread for shaft 
nut and drive washer. Alternatively plain shafts up to 7%” diameter may be supplied 
or a 13 tooth 120 DP. shaft suitable for cascading 2 or more gearheads, see shaft 
details below. 

Maximum power output, torque not 
to exceed oz in 

Maximum backlash after 500 hrs 
running with ¢ watt load 









+ watt 


45 minutes measured on output 
shaft by reversing 8 oz in torque 


Starting torque 0.2 gm cm 
nertia at motor shaft 0.02 g cm* 
Qperating temperature range —54°C to + 100°C 


Tropical exposure test DTD 10858 Withstood 28 days ; 
RATIOS A number of ratios up to 600:! are available as standard and these will 
probably satisfy most requirements:—Type GIIA, 600:1; GIIB, 300:1; GIIC, 150:1, 
GIID, 60:1; GIIE, 24:1; GIIF, 80:1; GIIG, 40:1 Other ratios can be provided 


MUIRHEAD | 


THE SYNCHRO PEOPLE 
CAN HELP YOU 
























MUIRHEAD INSTRUMENTS INC - 441 LEXINGTON AVE 
P Qn 


r Murray Hill 2-813! 
MUIRHEAD INSTRUMENTS LIMITED STRATFORD 


Phone: 3717-8 


BECKENHAM 


Phone: BEC 4888 


N.Y.17 U.S.A. 


ONTARIO CANADA 


MUIRHEAD & CO. LIMITED KENT ENGLAND 








WHAT’S NEW 


... airless space will limit per- 
formance of sensors. . . 


vapor absorption, the sensors would 
see the top of the water vapor so that 
it could measure the —- or 
upper limit of the troposphere. 

ie attempt to do this will be in- 
corporated in the Tiros satellite now 
under development, the speakers said. 
Tiros will carry instrumentation to 
scan the earth in five spectral regions: 
1) 99 percent of the total incident 
solar radiation will be measured in the 
0.2- to 5.0-micron channel; 2) black 
body temperature will be gaged in the 
8- to 12-micron region; 3) water vapor 
absorption will be indicated by 5.6- 
to 7-micron radiation; 4) an image 
approximately the eye’s response, will 
be obtained in the 0.55- to 0.75- 
micron range to help interpret the 
data obtained in other channels; and 
5) a radiometer will use space as a 
cold reference. 

One of the five channels is described 
in the figure on p. 30. A half-mirror 
half-absorbing surface disk chopper 
will alternately switch the scan and 
reference beams to a thermistor bo- 
lometer detector. Amplified output 
will be stored on magnetic tape and 
telemetered to earth when the satel- 
lite passes over a readout station. 

« New phototape sensor—Instead of 
using magnetic tape, E. C. Hutter, 
J. A. Insler, and T. H. Moore are us- 
ing a new image-sensor tube which 
stores images on electrostatic tape. 
An image-orthicon electron gun pro- 
vides read-in and read-out in the ap- 
paratus which has automatic winding 
and rewinding mechanisms. 

Cloud information around the earth, 
the writers claimed, could be recorded 
in a continuous strip of pictures 100 
ft long. The electrostatic tape can be 
read out several times before the 
charge image is destroyed; undeterio- 
rated pictures have been read out after 
a two-week storage. 

¢ Effect of space—Putting new sen- 
sors, like the ones described, into 
space may not be as easy as expected 
because of the environmental prob- 
lems, two other RCA scientists, M. H. 
Mesner and M. Ritter, warned. Out- 
side the earth’s atmosphere, airless 
space will seriously limit both perform- 
ance and life of sensors. Minutely 
low pressures at satellite altitudes, for 
example, will prevent the convection 
or conduction of heat between ther- 
mal sources and sinks. That means 
thermal transfer will be limited to 
radiative coupling and conduction 
through solids. 
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in direct writing recording systems 
onlyBrush 
designs 





specifically for mil specs 


From every nut and bolt to the shipping crate, fully militarized Brush Direct Writing 
Recording Systems are originally built to meet military specifications. 

That’s why they are performing every imaginable task of data acquisition and 
recording at U.S. and NATO installations throughout the world. These electric writing 
systems have proved their unexcelled reliability ... from the Operations Monitor 
that will record 120 separate operations at the instant they occur... to the Analog and 
Sequence Recorder that simultaneously records both analog data and sequential events. 
And, they are built for maximum performance in the hands of non-technical personnel. 


Brush equipment is already at work putting evaluation data in writing for a whole new 
generation of weapons. When the weapons become operational, Brush MIL Recorders 
are a vital part of the system. This experience is unique in the industry. Before 
prototype design becomes a problem—call, write or wire Brush for complete details. 


—___brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS | CLEVITE! CLEVELAND 14, OHIO 


ComProRation 












there 


IS 
brush INSTRUMENTS 


. DIVISION OF 
| e re e 37T™ AND PERKINS | CLEVITE) CLEVELAND 14, OHIO 
| ( ComPomation 


Only Brush Chart Paper is designed as an integral component of precisely engineered Brush Direct 
Writing Recording Systems. The full potential of these systems cannot be realized unless all 

of the original components are utilized. They’re engineered as a total entity. Imitation papers cannot 
match the precision ruling, dimensional stability and super-smoothness of Brush Chart Paper. 

Take no chances—specify Brush and you can rely on your records being accurate, permanent, easily 
read and easily reproduced. Stocks available from strategically located branches and 

sales representatives throughout the United States and Canada. 




























Write for samples 
of actual tracings on 
Brush Chart Paper. 
Ask for 

“Check the Record”. 













| WHAT‘S NEW 


East’s Most 
Modern Pipeline .. . 


starts operations, carrying 16 
different products to 21 sales 
terminals and three connecting 
pipelines. It features auto- 
matic control with both digital 
and analog telemetry sys- 
tems. And it is a case history 
on when not to use a computer 
for control. 


CAMP HILL, PA.— 

Last month, The Laurel Pipe Line 
Co., jointly owned by Gulf Oil Co. 
(45 percent), Texaco, Inc. (30 per- 
cent), and Sinclair Refining Co. (25 
percent), started operating over its 
full 447-mile length, carrying a vari- 
ety of oil products from its eastern 
terminus in the Philadelphia-Camden 
area to its western end at Cleveland. 
Variety is Laurel’s major problem: 
scheduling and keeping tabs on the 
16 different oil products it will trans- 
port to 21 sales terminals and three 
pipeline connecting links. At its 
startup the system is moving 8,000 
barrels per hr, can ship as high as 
14,000 barrels per hr. 

For scheduling, Laurel’s dispatchers 
use a special hydraulic a de- 
veloped by the company’s chief engi- 
neer, Marlan Jordan. Every 10 days, 
schedulers lay out a comprehensive 
plan, predicting where each produci 
being transported will be in the pipe- 
line every day. Applying the nomo- 
graph, the schedulers can calculate 
what pressure drops to expect, what 
pressure fluctuations deliveries will 
create, and the most economic pump- 
ing arrangement at each station (what 
combination of the three pumps at 
each station to use). The resulting 
schedule programs the operation of 
the system. 

Tabs on the pipeline’s performance 
are kept at Laurel’s Camp Hill head- 
quarters on a 52-foot panelboard that 
displays the input and discharge pres- 
sure and flows at each delivery point 
and pumping station. In addition, the 
board shows a measure of the ca- 
pacitance of the fluid being pumped 
at each point, information used to 
identify the product. Flow measure- 
ments are converted to digital form 
close to where they are measured, then 
transmitted by microwave to Camp 
Hill, Flows, measured by positive dis- 
placement meters, are transmitted at 
accuracies of 0.03 percent. The ca- 
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how to 
open a gate 


no matter 
where it is 


...With 
ARNOUNXS. 


NEW 
DECOM 


ADVANCED 
TDS 
SERIES 
200 


| Arnoux’s Decommutator® Series 200 continues to operate with one or even 


all information gates removed; active readout capability is from 1 to 88 
channels, operating on all standard IRIG sampling rates of 30, 45, 60, or 
90 channels at from 75 to 900 pps. All output patching and cross-strapping 
provided internally. 


This new Decommutator uses a new gate-pulse generator, the DGG-1, which 
has a wide-range rate capability and can be adapted for any system requiring 
sequential gate pulses. Economy and smallness—the DGG-1 is only 34% 
inches high and mounts in a standard rack. Selection of operating mode is 
by front-panel pushbuttons. A visual channel quantity counter is provided 
for proper system synchronization check. BULLETIN 801. 


ARNOUX CORPORATION 
11924 W. Washington Blvd. « Los Angeles 66, Calif. 


ARNOUX 


PHONETICALLY, SAY ARE“NEW 


DECOMMUTATORS 
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BARBER 
COLMAN 


d-c gmall motore 








TYPE FYLM 


14” DIAMETER 


MAGNET 
MOTORS 


@ Three standard frame lengths 


@ Constant brush pressure over 
entire motor life 

@ Large, rugged bearings 

@ Very low ripple — 
14-bar commutator and 
14-coil armature 

@ Standard or special mountings 
for interchangeability with 
other motors 

@ Radio noise filters, gear- 
heads and other special 
features available 


This popular sized motor can be 
supplied in voltages from 6V d-c 
to 115V d-c. Normal ambient 
temperature range —65° to 200°F 
(can be designed for —100°F or 
400°F). Rated output, 10 mhp 
continuous to 35 mhp intermittent. 
Rated torque, .05 Ib-in. to .16 Ib-in. 
Weight, .26 lb to .43 lb. If you have 
a new or replacement motor ap- 
plication, contact Barber-Colman. 





THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out- 
put up to 1/10 hp... . permanent magnet and split 
series types . . . various mountings and speeds. . . 
also available with gearheads or blowers. Tach 
Generators for accurate speed indication and 
servo rate control applications. Low-cost battery- 
operated motors. Resonant Relays characterized 
by low operating power, narrow band width. 
Ultra-Sensitive Polarized Relays operating on input 
powers as low as 40 micro-watts. 400 Cycle A-C 
Motors for aircraft and missile applications. 


TECHNICAL BULLETIN SERVICE 
on all Barber-Colman electrical 
components. Detailed specifica- 
tions, performance data, circuitry 
drawings. Write for bulletins on 
any or all products. 








BARBER-COLMAN COMPANY 
Dept. X, 1848 Rock Street, Rockford, Illinois 

Electrical Components * Small Motors * 

Aircraft Controls ° 

Molded Products °¢ 


Automatic Controls * Industrial Instruments 
Air Distribution Products ° 


Metal Cutting Tools * 


Overdoors and Operators 
Machine Tools 4* Textile Machinery 
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WHAT‘’S NEW 


. . oilmen see computers in 
longer, more complex lines . . . 


pacitance measurement, from a Gulf- 
developed interface detector, is trans- 
mitted as an analog signal. General 
I:lectric supplied the digital telemeter- 
ing and supervisory control. 

¢ Reasoning out a computer—In the 
early planning of the Laurel system, 
chief engineer Jordan advocated the 
incorporation of a_ general-purpose 
digital computer for scheduling and 
performance comparison checks. (The 
computer could compare actual pump- 
ing performance with what had been 
scheduled, then send out control sig- 
nals to bring the pumping rates up to 
the desired rate). But such an instal- 
lation could not be justified economi- 
cally, even though the system’s infor- 
mation signals are already in digital 
form. 

Mainly the computer would replace 
manpower; but at Laurel, remote con- 
trol of pumping stations has already 
cut the labor force to such a small 
number that further savings could not 
pay for the computer. One of the four 
pumping stations, located at Duncans- 
ville, Pa., is remotely operated from 
Camp Hill; another station, at Me- 
chanicsburg, Pa., has heen designed 
for rapid conversion to automatic re- 
mote operation. 

e Where computers fit—Will com- 
puting-control ever fit into pipeline 
control? Yes, say oilmen, in installa- 
tions that are much longer and more 
complex than Laurel's 447 miles. Be- 
cause the computer can’t increase 
throughput very much, if at all, the 
computer will have to pay for itself 
almost completely from savings in 
manpower. Where that is possible, 
computers will control pipelines. 


Navy To Buy 
Automatic Landing System 


After eight years of develop- 
ment and three years of testing, 
the U.S. Navy will soon place 
production orders for an auto- 
matic landing system for carrier- 
based aircraft. 
WASHINGTON— 
The Navy Bureau of Ships will 
award the first contract for production 
of an operational-type system to land 
aircraft completely automatically. 
(AN/SPN-10) for use on aircraft car- 
riers. The contract will presumably go 
to Bell Aircraft Corp., which has held 


CONTROL ENGINEERING 











development contracts on the project 
since 1951. 

First contract will cover production 
of three units. Navy plans are to buy 
at least seven more of the carrier auto- 
matic landing systems later. Cost of 
the first system to be delivered is esti- 
mated at $3-million—including tool- 
ing, manufacturer's drawings, and 
manuals. Eventually, the Navy be- 
lieves the unit cost can be trimmed to 
about $500,000. 

The system consists of a precise 
tracking radar, a comparative flight 
path computer, a data link, and the 
autopilot in a closed-loop system, The 
radar automatically tracks the ap- 
proaching plane, supplying positional 
data to the computer. The actual flight 
path is then compared to a flight path 
objective. Correction signals are fed 
to the data link, which in turn trans- 
mits them to the plane’s autopilot. 

An experimental model of the AN/ 
SPN-10 was installed aboard the car- 
rier Antietam in 1957 and successfully 
tested (CtE, Oct. 57, p. 34). In a 
test, Navy fliers landed jet aircraft 
while clasping their hands together 
over their heads to dramatize the 
completely automatic feature. In all, 
the Navy has spent about $5-million 
on the project. In the initial stage 
Bell was in competition with Min- 


neapolis- Honeywell. The Navy 
adopted “the best features” of each 


company’s proposed system in 1954 
and revised the specifications. Bell 
won the job of fabricating the experi- 
mental model. 

Bell’s prototype system included the 
Reeves “REAC” analog computer, 
but Bell will build its own analog 
machine for the operational system. 

The aircraft company has modified 
the carrier automatic landing system 
for the Air Force and has delivered an 
experimental system for use in ground 
installations. Another version of the 
land-based model will be delivered in 
February to the Federal Aviation 
Agency at Atlantic City, N. J., for 
evaluation as a civilian tool. 

The land-based version uses the 
basic principles of the carrier system 
but is less complex. The shipboard 
version requires a stabilizer to com- 
pensate for the pitch and roll of a 
vessel at sea. 

The Navy considers the carrier auto- 
matic landing system a major element 
in modernizing naval air forces. The 
development of faster, high perform- 
ance Naval planes had made the prob- 
lem of landing on carriers much more 
difficult for the pilot. The AN/ 
SPN-10 makes landing operations au- 
tomatic, allowing precise approach and 
landing under all weather conditions. 

—Morton Reichek 
McGraw-Hill News 
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a-c gmall motors 





high-torque unidirectional types 


for quiet 
performance 
and Iong life 


on for their high starting 
— ow-inertia rotors, 
Ba ber-Colman motors are first — 
choice for many of the nation’s leading 
manufacturers. Low noise pores 
high dielectric strength coils 
precision 4 ; bricatic 
compactness ong-life lubrication 
-anda quality guarantee tee backed 
by 30 years’ experience are among 
many other features of these 
motors that will assure long, 
trouble-free service in your product. 


tw Sad 


TYPE A TYPE F TYPE R 
ideal for use in Features extra high High-torquve Borber- 
cramped quvorters. power to weight Colman motor for 
Smallest unidirec- ratio while moin- heavier power re- 
tional core-type taming exceptional- quirements up to 
motor im the line, ly good sterting 1/20hp. Heovy-duty 
yet hos good stort- torque Porous construction for the 
img torque ond bronze beorings, most exocting ap- 
Power output large oi! wicks plications 





Open and enclosed geared types 


for longer life 
at lower cost 


For —e est life per dollar invested put 
Ba Iman geared motors into your 
mw omy High-quality construction through- 
out . . . accurately hobbed gears, all of 
which are of properly heat-treated steel 
(except first step Textolite gear for quieter 
performance) high torque, positive 
starting. 
TYPE DZ — Open-type, double-gear plate motors for 
tions long-life motor. De- 
ae as ee. jong-! . > 
d ble, and synch models. 
TYPE HZ — - Low- 
synchronous —~ Poy 
TYPE PZ — Enclosed 
externally to driven 
nous, and reversible 














Termmamnen se 
ice. Unidirectional, synch 
models 








FREE CATALOG HELPS SELECT MOTOR NEEDED 

Get the helpful condensed catalog of Borber-Colman shaded pole 
small motors. Contains complete descriptions of above motors, shows 
typical specifications, performance characteristics, control circuit dia- 
grams. Write for your copy. 





BARBER-COLMAN COMPANY 
Dept. X, 1248 Rock Street, Rockford, Illinois 


Small Motors * Automatic Controls * Industrial Instruments * Aircraft Controls 
Electrical Components ° Air Distribution Products * Overdoors and Operators 
Molded- Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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power supply 
range and balance 


calibration inone 


STRAIN 
GAGE 
MODULE 


Fully transistorized, the power supply can be set 
for either voltage or current regulation by means 
of an internal switch. The span adjustment pro- 
vides a choice of excitation voltages, continuously 
variable from 0 to 15 volts. The wide range balance 
control is suitable for use with virtually all trans- 
ducers. There is a choice of four precision calibra- 
tion resistors. Excitation voltage and gage signal 
voltage monitoring is provided. 


Output 
Line Regulation 
Load Regulation 


floating, 0 to 
15v at 200 ma 
better than 
0.1% 
better than 
0.1% 
less than 1 mv 
less than 10 
microvolts peak 
to peak when 
measured with 
a 350 ohm 
strain gage 
bridge 
Leakage Resistance at least 
10,000 megohms 
Price $145 plus 
calibration 
resistors, fob 
Santa Monica, 
Calif. 


Ripple 
Moise and Hum te Ground 


VIDEO INSTRUMENTS CO., INC. 


3002 Pennsylvania Ave., Santa Monica, Calif. | 





| lically controlled wavemaker. 


tod wrelander 


a 


Miniature ocean with two large concrete mountains is Europe’s biggest ship towing tank. 


Electrohydraulic Wavemaker 
Simulates Angry Seas in 
Europe's Biggest Towing Tank 


Miniature stormy seas are putting 
40-foot ship models through mgorous 
hydrodynamic tests at Britain’s Na- 
tional Physics Laboratory’s new 10,- 
000,000-gallon ship towing tank, the 
largest towing tank in Europe. Waves 
40 ft wide and up to 2 ft high are 
generated by a unique electrohydrau- 
Ver- 
tical oscillation of a 20-ton tapered 


| steel plunger, which spans the 45-ft 


wide tank, generates the waves. Set- 
ting up programmed oscillations is the 
control system’s main job. 

To transfer the tremendous power 
required for wave generation, the steel 


| plunger wavemaker is driven by two 


pairs of hydraulic rams. For maximum 


| stability the rams have been mounted 


on huge concrete blocks located at 
one end of the tank. Movement of 
the plunger can be varied in ampli- 
tude from zero to 1.5 ft, in period 


| from 0.95 to 2.8 sec. 


Designers of the control ran into 
three unexpected problems when ac- 


| tual fabrication started. First, the 
| 20-ton plunger developed unlooked- 
| for buoyancy, behaved like an air-filled 
| tank. Water ballast in the plunger, 


a first answer to the problem, proved 
unsatisfactory because it added excess 
mass and inertia to the system. Fi- 


| nally designers decided to preload the 


plunger with an inertialess 20-ton 
thrust supplied by two air cylinders. 
A second problem was imposed by 
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the strict limits of movement of the 
plunger. When it is running in rail- 
guides, the plunger’s maximum tilt 
between ends is limited to 4 min of 
arc, and plunger position has to be 
accurate to té in. to assure specified 
wave amplitude accuracies. ‘The an- 
swer to such rigid requirements turned 
out to be five overall servo loops 
which regulate plunger motion, hold- 
ing it between these tight limits. 
Third problem was how to raise the 
system’s natural frequency to 10 cps 
to insure stiff control action when the 
plunger oscillated at its top frequency 
of 1 cps. By simulating the system 
on an analog computer, designers saw 
three weaknesses that had to be cor- 
rected. They changed the designs so 
that the rams of each hydraulic pair 
operated in parallel, instead of in se- 
ries at high frequencies. They mini- 
mized pipe runs and liquid content 
by using closed hydraulic systems. 
And they switched to a synthetic oil 


Wavemaker’s control console. 








Constant reliability ... duplicated in volume 


FVITE 


DIODES 


Clevite diodes feature high forward conduct- 
ance, fast pulse recovery, fast forward switch- 
ing and extreme ruggedness to resist vibration 
and shock and to provide exceptional reliability 


GOLD BONDED GERMANIUM GLASS DIODES 
SILICON GLASS DIODES 


@ Fast Switching Types 
@ General Purpose Types 
@ Military Approved Types 


TRANSISTORS 


Low thermal resistance, low saturation resistance plus superior 
current gain and high reliability construction make Clevite tran- 
sistors your first choice for such applications as power converters, 

audio amplifiers, power supplies and high current switching circuits. 


GERMANIUM POWER TRANSISTORS 
@ 2& 4 Watt Audio Types 
@ 5 Ampere Switching Types 
@ High Power 65 Watt & 15 Amp Types 


Available at leading electronic distributors in principal cities. 
SEND FOR 
Short Form Catalog 59 


CLEVITE TRANSISTOR 


254 CRESCENT STREET + WALTHAM 54, MASS. 


DECEMBER CIRCLE 39 ON READER SERVICE CARD 39 








40 





THESMALLEST ASTRON 


INSULATING 
WASHER 


SOLDER 
ENCAPSULATION 


TINNED 
METAL 
CASE 


SOLDERABLE 


LEAD ——————> 


ACTUAL 


SIZE 
* 
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GLASS 


TERMINAL 


TANTALUM 
ANODE 


SERVICE CARD 


SOLID TANTALUM 
CAPACITOR 


OCCUPIES 
ONLY 0.003 IN» 


Astron Tantalum Solid 
Electrolyte Capacitors are the 
smallest hermetically sealed 
units of a given rating 
available today. 


Comparative sizes in cubic 
inches per microfarad-volt for 
various types of hermetically 
sealed and non-hermetically 
sealed capacitors are shown 

in the table. 


RELATIVE CU. 
CAPACITOR IN./MFD-V 

Solid Tantalum 1.0 
Wet Tantalum Slug** 8 
Etched Tantalum Foil** 4.5 
Aluminum Electrolytic** 12 
Metallized Mylart 64 
Metallized Paper 68 
Paper* 130 
Foil Mylart 210 


*INSERTED TAB 

*¥wiL QUALITY, NOT HERMETICALLY 
SEALED 

TREGISTERED DUPONT TRADEMARK 


FOR COMPLETE INFORMATION WRITE 
TODAY FOR BULLETIN E-67S5A AND FOR 
ASTRON'S DESIGN ENGINEER 
PUBLICATION, TECHNIQUES, 

VOL. 59, NO. 2 














| WHAT‘S NEW 


... servo valves on the main 
pump control the system... . 


with a maximum compressability of 
0.4 percent, half that of normal min- 
eral type oils. 

¢ Setting oscillations—l’or short pe- 
riod oscillations, below 1.5 secs, the 
hydraulic cylinders operate with short, 
low velocity strokes. To raise the 
system's natural frequency under these 
conditions, all four hydraulic rams 
are operated in parallel. Oil flows 
through a closed circuit from the 
pump, via a combination valve, to one 
side of the hydraulic ram; exhaust oil 
returns to the main pump through a 
boost circuit. 

At low frequencies, below 0.66 cps, 
additional hydraulic power is required 
for the higher velocity, long ram 
strokes. An automatic pilot-operated 
changeover valve supplies this extra 
power by connecting the two pumps 
in each main circuit in series. The 
additional flow feeds only one ram at 
each pair; the other ram is switched 
out of the circuit, opposing ports are 
opened so oil flows from one side of 
the piston head to the other. 

¢ Servo control—l’our two-stage elec- 
trohydraulic servovalves mounted on 
the main pump exert system control. 
At a console, inputs to the valves are 
generated in the form of a variable 
frequency and amplitude voltage. To 
obtain frequency control, a fractional 
horsepower motor drives a synchro 
transmitter through a precision reduc- 
tion gear box. Output amplitude is 
set by a remotely controlled inductive 
potentiometer mounted in the main 
control cabinet below the tank. 

Nonsinusoidal waves can be gener- 
ated too. To do this, a cam follower 
is switched in to vary the control sig- 
nal amplitude automatically. Shape of 
the cam has been derived from an 
analysis of magnetic tape recorded 
during full scale, rough, sea trials. 

—Derek Barlow 


British Engineer 
Salaries Poor Contrast 
to U. S. Earnings 


LONDON— 

Low salaries paid to engineers are 
forcing a technological emigration 
from the British Isles. Just how bad 
the salary situation is was shown last 
month when the British Central Of- 
fice of Information made public the 
results of an engineer salary survey. 
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Automatic read-out .°. 


Control room at Milliken power station, pictured here, shows three 
Teletype Model 28 Receive-Only Page Printers in foreground with 
control panel of Bailey Metrotype Information System. (Inset shows a 
sprocket-fed, continuous-type log sheet used in Teletype Page Printers.) 


Teletype equipment 
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monitors and records power station performance 


New Model 28 Teletype Page Printers and Tape 
Punch equipment provide a continuous, dependable 
data processing facility for evaluating power station per- 
formance. This Teletype communication equipment is 
part of a Bailey Meter Company Metrotype® Informa- 
tion System installed recently at the Milliken power 
station of the New York State Electric & Gas Corpo- 
ration, near Ithaca, New York. 


This installation consists of two data systems: 


1. A Monitoring System that continuously scans a 
total of 282 variables—temperatures of fan, motor and 
pump bearings; pressures of water and oil pumps, etc. 
Whenever readings exceed prescribed limits, system 
immediately reads and prints complete digital data of 
off-normal operation. In addition, complete readings 
are printed hourly. 


2. A Performance System that scans 66 points once 
every hour, measures generator output, main steam 
flow, feedwater flow, temperatures, etc. All factors re- 
quired to evaluate the station’s performance are logged 
on the Teletype Printers. A Teletype Tape Punch also 
produces a perforated tape for IDP. 
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Robert Darke, Systems Division Manager, Bailey 
Meter, says, ‘“Teletype equipment was chosen for this 
installation because of its flexibility and proven reli- 
ability. Design is simple and trouble-free, and the units 
are manufactured specifically for round-the-clock rather 
than intermittent service.” 

Teletype equipment will handle data for virtually 
any purpose in any industry. Signals may be serial or 
multi-wire. Signal medium may be local electrical cir- 
cuit, telegraph or telephone circuit, or radio. 

Why not find out how Teletype equipment can fit into 
your systems plan? Please write: Teletype Corporation, 
Dept. 22-M, 4100 Fullerton Ave., Chicago 39, Illinois. 


TELETYPE 


CORPORATION 


sussioiary or Western Electric Company we. 
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where a missile... 


ew 


* ..needs eyes 


missilemen SE WIANCKO'S A1500 
GAS-DAMPED ACCELEROMETER 


ideal for aircraft and missile guidance 


Wiancko’s new gas-damped accelerometer employs a unique 
gas-damped seismic system which ensures a highly stable, ac- 
curate and reliable performance in severe environments. It pro- 
vides continuous resolution, and is available in various ranges. 
Isolation transformers and associated circuitry can be supplied 
to provide proper phase relationships and temperature compen- 


sation for use as interchangeable units in control applications. 


Compare these specifications 





RE RO Rea 0.65 critical at 75° F 


Damping variation with temperature Change of less thon 0.15 critical for a 
temperature change of 100 degrees F 


Ranges aes ak ae ee ee +1.0 g to +25 g (unbalanced ranges available) 
Ulmearity . © © © © © © © 1.0% of acceleration spon or less 

Hysteresis ee ee ee Le 0.1% of acceleration span or jess 

Temp. Mange. = . 2 2 + © « —25° F to +180° F 


Sensitivity Drift. . . « « « « Less than 2% of acceleration for o temperature 
change of 100° F 


Weight ey eee épole 9 ounces 











If you want further information, write for product bulletin 112. 


VV I ANSKS 


BANE a AE CS ETS LES TITRE 
ENGINEERING COMPANY 


255 North Halstead Avenue * Pasadena, California 
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... since 1956 paychecks have 
not improved; most gains are 
in fringe benefits . . . 


Studying the annual 1955-56 _pay- 
checks of 6,000 members of the Insti- 
tutions of Mechanical, Civil, and 
Electrical Engineers, the government 
agency reported that over 50 percent 
of the membership earned icss than 
$3,360, 30 percent earned $2,800 or 
less. Only one engineer in four was 
paid higher than $4,480 per year. 

Since 1956 the pay of British engi- 
neers, and British control engineers 
in particular, has improved little. Sal- 
aries have increased about 10 percent. 
But real improvements have been 
mainly-in fringe benefits such as free 
life insurance; contributory pension 
plans, housing help, and the use of 
company cars. 

Checking present salaries in the 
chemical, petroleum, instrument and 
aircraft industries, Conrrot ENcr- 
NEERING learned that an engineer 
tight out of school might expect to 
earn only $2,240 per year. Promotion 
to a section leader, usually when an 
engineer is in his thirties, will raise 
his earnings to $4,200 per year; top 
jobs as project managers earn around 
$5,400 to $5,600 per year. 

British control engineers have even 
a more severe problem than salary: 
lack of recognition. “It is a change of 
heart, not a salary hike, that British 
control engineers are seeking. If we 
get the first, the second will follow,” 
a top control engineer in a petroleum 
company said. The real problem, say 
British engineers, is the lack of top 
management enthusiasm for control 
systems. As a result of this apathy, a 
large number of British control engi- 
neers have left England for Canada 
and the United States where earnings 
are higher and management more re- 
ceptive to new control ideas. 


Russia Buys 
British Process Computer 


The Soviet government has ordered 
a National-Elliot 802 medium speed 
transistorized computer from Elliot 
Brothers Ltd., of London. Although 
the Russians have not announced 
what they will do with the computer, 
it is reported that the machine will 
be used in the control of a power 
plant. Cost of the unit is $60,000 
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One of six Foxboro Magneti 


~ks 





c Meters at International Salt Company’s Avery Island Refinery. Meters are 


measuring 220°F sodium chloride brine being discharged from filters of International’s Recrystallizer Process. 


Foxboro Magnetic Flow Meters handle 
220°F salt brine just like water! 


~ 


Foxboro Dynalog Instrument 
indicates flow rate through any 
one of the 6 Magnetic Meters 
— at the flip of a switch. 


“trouble-free” — International Salt reports 


220°F —that’s the temperature of 
sodium chloride brine as it leaves filters 
at International Salt Company’s Avery 
Island Refinery in Louisiana. And their 
6 Foxboro Magnetic Meters have been 
providing continuous, trouble-free flow 
measurement of this highly corrosive 
liquid for over a year. 

These meters easily handle this pun- 
ishing chemical. They’re lined with 
corrosion-proof Kel-F — have no flow 
restrictions of any type. Linear meas- 


OX BOR 


REG. U.S. PAT. OFF. 


urement — accurate to +1% across the 
entire scale— is indicated on remote 
Foxboro Dynalog* instruments. 

Since its introduction 5 years ago, the 
Foxboro Magnetic Meter has simplified 
the measurement of difficult liquids in 
hundreds of industrial processes. Ask 
your nearby Foxboro Field Engineer 
how it can help your process. Or write 
for Bulletin 20-14. The Foxboro 
Company, 3612 Norfolk Street, 


Foxboro, Massachusetts. 
*Reg. U. S. Pat. Of. 
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Univac Reservations Control Center for Eastern Air Lines prov 


firming reservations between coca Taksieclitchalelammebsisicm acelaatomerelal 
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les fast service 1n con 


ible exclusively. 
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How to pick one seat 
ina million—reliably! 


This remarkable Univac equip- 
ment locates one seat in a million 
in seconds to confirm reservations 
at Eastern Air Lines’ new elec- 
tronic reservation center in New 
York City. 

Failure of any single component 
would seriously impair the effec- 
tiveness of the entire system. That 
is why all of its complex control- 
panel connections are made with 
Rome control cable—insulated and 
jacketed with Rome Synthinol 
(PVC) thermoplastic compound 
for high resistance to oils, acids, 
alkalies, grease, gasoline and flame. 

The Univac links 135 Eastern 
Air Lines reservations and ticket 
agents in the New York area, as 
well as other agents in stations 
from Boston to Washington. It can 
store data on one million airplane 
seats up to one year in advance. 

Though constructed with 75 con- 
ductors, this specially designed 
Rome control cable is slim and trim 
for quick and easy connections 
even in “tight” spots. Its rugged 
construction makes it ideal where 
maximum reliability is necessary. 


Rome can help you solve control- 
panel problems on your job, too. If 
you need a special cable, as East- 
ern Air Lines did, Rome’s engi- 
neers will design and build what- 
ever your equipment requires. If 
standard cable is adequate for the 
job, Rome has a wide and complete 
line for you to choose from. Get in 
touch the next time you need help: 
Rome Cable, Dept. 1011, Rome, 
New York. 


ROME CABLE 
pivision of ALCOA 
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AROUND THE BUSINESS LOOP 


Capital Spending Plans 
Head Higher in ‘60 


Expenditures for plants and 
equipment are estimated to rise 
10 percent next year, buttressed 
by spending that has been de- 
layed by the steel strike. It means 
good business for instrument and 
control makers. 


U.S. companies expect to spend 
$37.3 billion for new plants and equip- 
ment in 1960—an increase of 10 per- 
cent over 1959. Manufacturing com- 
panies expect to boost their capital 
expenditures 19 percent to a total of 
$12 billion. This optimistic note for 
instrument and control makers, whose 
sales are closely tied to capital spend- 
ing, comes from this year’s autumn 
McGraw-Hill Survey of Business Plans 
for New Plants and Equipment. The 
table indicates spending plans of spe- 
cific industries, based on a wide sample 
of each industry. 

Next year’s spending should be 
helped somewhat by plans deferred 
by the steel strike. Actual capital ex- 
penditures for 1959 dropped signifi- 
cantly below spending plans indicated 
in the McGraw-Hill survey last spring, 
particularly in those industries directly 


hit by the strike (steel and railroads) 
and in the similarly strike-ridden non- 
ferrous metals industry. Many other 
firms were unable to spend all they 
had planned because of steel shortages. 
The large steel and copper companies 
have been unable to enter their plants 
to carry out capital improvements; 
railroads have suffered such traffic 
losses that their ability to finance new 
equipment has been impaired. 

¢Preliminary planning—But the 
steel situation puts an added note of 
the unknown into this year’s estimates. 
The survey represents preliminary 
planning—at the start of the budget 
season. Because of steel shortages and 
uncertain construction schedules, 
spending plans are even more tenta- 
tive than usual. 

The survey shows that some ’59 ex- 
penditures will be carried over into 
next year. And 1961 plans are already 
at such a level that they may eventu- 
ally equal or surpass those for 1960. 
One effect of the steel strike appears 
to be a stretching out of the spend- 
ing over a longer period. 

¢ Steel to splurge—The steel indus- 
try intends to make up for lost time 
in 1960 by raising expenditures 
sharply—plans now indicate expendi- 
tures of $1.7 billion or a 76 percent 
gain. This is just $174 million off 


BUSINESSES’ CAPITAL SPENDING PLANS 


INDUSTRY 


lron & Steel... . 

Nonferrous Metals 

Machinery » 

Electrical Machinery 

Autos, Trucks, & Parts ‘ 

Transportation Equipment (aircraft, 
ships, RR eqpt.) 

Other Metalworking 

Chemicals. ...... 

Paper & Pulp.... 

Rubber..... i 

Stone, Clay & Glass 

Petroleum. . 

Food & Beverages 

Textiles. . . 

Miscellaneous Manufacturing 

ALL MANUFACTURING. . 

Electric & Gas Utilities... ... cana 

Go ah oo cele les GALS 


1958 
Actual* Estimated 


$1,217 


1,320 


4,819 


9,761 
6,088 
. 32,091 


(Millions of Dollars) 

1959 1960 
Planned Planned 
$949 $1,670 $1,169 
510 347 357 350 
915 951 1,161 ‘1,129 
459 477 582 559 
558 647 841 791 


370 363 399 359 
723 880 875 844 
1,188 1,473 1,502 
578 613 828 704 
134 178 233 247 
399 542 603 594 
5,220 5,154 5,077 
742 794 783 737 
288 343 361 350 
883 1,061 1,037 1,022 
10,025 11,957 11,171 
5,876 6,066 5,768 
33,914 37,310 34,566 


* U. S. Department of Commerce, Securities and Exchange Commission, 


McGraw-Hill Dept. of Economics 

















































































































New tubeless 0.1% a-c line regula- 
tors give up to 5kva out. High output 
and fast response result from a unique 
combination of semi-conductor and 
magnetic amplifier principles in the 
new Sorensen Model R3010 and R5010 
a-c line regulators. Model R5010 (left) 
puts out up to 5kva and Model R3010, 
3kva. Provision for remote sensing al- 
lows you to hold regulation accuracy at 
the load despite length of output leads, 
and, with an external transformer, 
permits regulation of any a-c voltage. 


Broadest line of a-c regulators. A 
complete line of electronic a-c regulat- 
ing equipment, supplying powers as 
high as 15kva, is manufactured by 
Sorensen. Single phase and 3 phase, 
50, 60, 400 cps, 115 and 230 vac mod- 
els are available. Good example of 
these is the 10kva Model 10000S sup- 
ply (left). Others: Precision a-c regula- 
tors (+0.01%) for labs or meter cali- 
bration; and fast-response low-distor- 
tion a-c regulators where line transients 
must be reduced to a minimum. 


... and rugged, economical MVR’s. 
Low cost, low distortion, long life and 
a broad selection of models are out- 
standing features of Sorensen MVR’s 
(Magnetic Voltage Regulators). Capac- 
ities range from 30 to 2000 va. Regu- 
lation is on the order of +0.5%. Both 
harmonic-filtered and unfiltered mod- 
els are available with 115vac out. Mod- 
els for 6.3 and 12.6 out, unfiltered, 
also available. 


Sorensen makes a complete line of packaged power equipment—including 
regulated d-c supplies, inverters, converters and frequency changers. Despite the 
breadth of the standard Sorensen line, our engineers are always ready to discuss 
your specialized power requirements up to complete power systems for complex 


computers or other critical equipment. Write for complete data. 


8.43 


SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut ‘ 


WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A.. Mexico City. 
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WHAT’S NEW 
the record spent by steelmen in 1957. 
Such modernization may be difficult 
in a year when the steel makers will 
be striving for capacity output, since 
replacements and additions on the pro- 
duction lines may require shutdown. 
But the figures reported in the survey 
give clear evidence of the steel com- 
panies’ determination to carry out 
their programs as quickly as possible. 
Plans in other manufacturing indus- 
tries are more modest, although both 
chemical firms and machinery makers 
intend to spend well over $1 billion 
on new facilities in both 1960 and 
1961. Chemical company spending 
should rise 24 percent from this year’s 
$1.2 billion with another 2 percent 
the following year. Machine builders’ 
spending should increase 22 percent in 
1960 to $1.2 billion; about the same 
amount should come in 1961. 
Electrical machinery companies; the 
auto, truck, and parts industry; the 
paper and pulp makers; and rubber 
manufacturing industries all plan gains 
of more than 20 percent in 1960 ex- 
penditures. In each of these groups, 
except rubber manufacturing, 1959 
estimates are lower than forecast in 
last spring’s McGraw-Hill survey—in- 
dicating that spending is being pushed 
forward into 1960 as a result of strikes 
or uncertainties. Only food processors, 
the other metalworking group (which 
includes fabricated metals and instru- 
ments), and the miscellaneous manu- 
facturing group expect lower capital 
expenditures in 1960 than this year. 
¢ Drop in petroleum spending—One 
pessimistic note is sounded by plans 
in the petroleum industry, which is 
still bothered by an excess supply con- 
dition. Petroleum companies plan to 
spent 1 percent less in 1960 than they 
did in 1959. Expenditures for produc- 
tion facilities will decline 4 percent, 
offset to some extent by a 9 percent 
increase in refining equipment outlays. 
The other transportation and com- 
munications industries plan a 14 per- 
cent increase in next year’s spending. 
Commercial companies report record 
plans for 1960—$8.6 billion compared 
with $7.9 billion in 1959 and $8.2 bil- 
lion in 1965, the previous peak year. 
The electrical and gas utilities indi- 
cate they expect to spend $6.1 billion 
in 1960—up 3 percent from this year 
only slightly off the record of 1957. 
¢Sales up 9 percent—These plans 
for higher capital expenditures are sup- 
ported by optimistic sales estimates— 
9 percent above 1959—for unit sales in 
all manufacturing. Steel companies 
expect a 25 percent sales increase. The 
group including instrument makers ex- 
pects sales up 7 percent. 
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RECOMP 


The binary combinations of ones and zeros 
stored in computers are called “bits”... and 
there are 160,000 of them stored in RECOMP. 

RECOMP’s exclusive readout panel converts 
these “bits” into arabic numerals... providing 
fast, easy readout of any word or number in the 
magnetic disk memory. RECOMP communicates 
in your language. Under computer control or 
at the push of a button, the unique readout dis- 
plays in a choice of three formats: decimal, 
octal, or command. 

The all-transistorized, general purpose 
RECOMP has built-in floating point and square 
root arithmetic ... high-speed photoelectric 
tape reader (400 characters per second) ... 
4,096-word memory, including 16 words placed 
in high-speed loops, and a storage capacity of 
over 8,000 instructions. 

RECOMP provides fast and accurate answers 
to problems of engineering, science and indus- 

staat 2 try. It’s available now for sale or lease... and 
there’s no extra equipment to buy or cost of 
installation. For information on how RECOMP 
can solve your special problems, please write 
Autonetics Industrial Products, Dept. 312, 
3584 Wilshire Blvd., Los Angeles 5, California. 


ta = 


Autonetics @,) 


INDUSTRIAL PRODUCTS 
A DIVISION OF NORTH AMERICAN AVIATION, INC. Other offices, Chicago, New York, Washington, [ 
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PROCESSORS 
SYSTRON 


WHAT’S NEW 


_SYSTRON 


VERSATILE 
-ONOMICAL 


PORTABLE 
DATA PROCESSOR 
$7565 


Feature Provides: 
. + AiLElectroni System e Computer Format on 


05% Paper Tape 
° * 10 millisecond Conversion + 10/sec Recording Rate 
3 microvolt Resolution e NIXIE IN-LINE Indication 
© Solid State Punch Drive 


The Systron 161 Data Processor is a portable, 
single channel analog to digital conversion sys- 
tem providing a punch paper tape processed in 
binary coded decimal form for use with most 
special purpose digital computers. Systron’s 
standard modules which make up this system 
include the Model 1231 Digital Voltmeter, the 
Model 1201 Tape Punch Drive Unit, and a high 
speed tape punch. 


Any variable that can be presented as an analog 
voltage can be processed in this 161 Data Pro- 
cessor. The information is converted to digital 
form and made available either visually as a 
direct reading IN-LINE, numerical 4-digit in- 
dication, or on punched paper tape in proper 
computer format. 


2 salar eA 
Full Scales . +10, +100, +1000 
indication . “ane ‘i ine Hy 999 
Maximum Error . . +0.05% of full scale, 1 count 
Sampling Rate . . ‘No Punch—25/sec. 
With Tape Punch (4 digits/sample) 10/sec. 
Conversion Time . . .010 second 
input Impedance . . Std. Ranges—1 megohm 
Low Levels—Differential 100,000 
Output . . Punch Tape compatible with computer of choice 
Calibration . . internal Zener Diode Standard 
Options . . Accurate selection of sampling time— 
0.067 to 1.67 seconds in increments of .0167 seconds 


System 163 


FREE CATALOG SL) 
Write today 

for your free copy of our 

new Short Form Catalog, 

and complete specifications 

on models illustrated 

above. 


CORPORATION 


« Concord, California 


in Principal Cities 
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Daystrom’s Asian Pact 


May Boom Instrument Imports 
From Tokyo, Japan, and Newark, 
N. J., comes news of a reciprocal ar- 
rangement that may have far-reaching 
effects on the U.S. instruments and 
control industry. Daystrom’s Inter- 
national Div. has signed a joint mar 
keting agreement with Japanese trad- 
ing company, Nichemen & Co. Ltd. 
Daystrom and Nichemen have set 
up a new Japanese firm, Daystrom- 
Nichemen, KK, which Daystrom will 
control with 51 percent ownership. 
Daystrom will also hold three out of 
five seats on the board of directors. 
Purposes of the firm, to be based in 
Osaka: to provide Daystrom with out- 
lets for its products in the far eastern 
markets, and more important, to buy 
Japanese electronic goods for resale in 
the U.S. Daystrom-Nichemen will 
also make arrangements with Japanese 
manufacturers to turn out equipment 
using Daystrom patents and knowhow. 
Daystrom International’s president, 
William H. Westphal, told CtE that 
“Japanese competence and complete 
instruments will be imported into the 
U.S.A. under both Japanese and Day- 
strom labels.”” One problem that Day- 
strom seems to have solved is the Jap- 
anese government’s reluctance to 
allow profits to leave the country. Says 
Westphal, “Daystrom has sufficient 
faith in the future of Japanese cur- 
rency not to insist on convertibility 
guarantees.” But rumors in Tokyo 
hint that Daystrom will go around the 
restriction. The newly formed trading 
company, it is rumored, will ship 
equipment from Japan with only 
enough markup to cover Daystrom- 
Nichemen’s costs—and then the profits 
will be added to the stateside price. 
Most significant aspect of the agree- 
ment is that it may signal the start 
of an inrush of Japanese instruments 
and control equipment to the U.S. 


CEC To Merge With 
Bell & Howell Co. 


Consolidated Electrodynamics 
Corp., aircraft and missile equipment, 
instrumentation, and control systems 
builder, will merge early next year 
with Bell & Howell Co., photographic 
goods maker, if directors and stock- 
holders approve. After the marriage, 
the two companies will continue to 
operate separately, with individual or- 
ganizations and managements. 

B & H comes into the merger in 
the strongest financial shape in its his 
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100 MILLION OPERATIONS! 


This is ASCO’s new long-life solenoid. Unlike ordi- 
nary solenoids where plunger rides loosely in the sleeve 
this device is precision manufactured to tolerances of 
+ .0005”. A rugged machine tool bearing guides plunger 
to provide accurate, smooth stroking. There is virtually 
no wear—almost unlimited solenoid life. 

If your application calls for a precision solenoid that 
must operate consistently and indefinitely, investigate 
this new long-life ASCO design. ASCO solenoids are 
available to meet a wide variety of applications. For 
additional information contact your ASCO engineer or 
write for Catalog 57-S5. 


PULL IN POUNDS 


DC pull type 
solenoid, 
continuous 
duty—1265 volts. 
Curve is based 
on vertical 
operation 
against gravity. 


ASCO Electromagnetic Control 


Automatic Switch CO. 50-G HANOVER RD., FLORHAM PA 


AUTOMATIC TRANSFER SWITCHES « SOLENOID VALVES « 


RK, N. J., FRONTIER 7-4600 
ELECTROMAGNETIC CONTROL 
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ie 8 look at these important 


Interchangeable amplifiers will 
accommodate a wide range of 
transducers. Whatever the level or 
character of the signal, there is an 
EPSCO preamplifier to handle it. 


PERFORMANCE 


Sensitivity — from 1lOuv per mm and 
Strain measurement as low as 1 micro- 
inch per inch per mm. 

Frequency Response — from D.C. to 
200 cps produced through Plug-in 
compensators which provide extended 
frequency response or sharp cut-off. 
Chart Speed — from .05mm to 500mm 
per sec. 


ECONOMY 


@ Low initial cost. 
Model 8205-6 (illustrated) 6 channel 
ink aes system complete 
@ Low operating cost. 
Compared to other writing systems, 
EPSCO's operating costs average 
up to 5 times less. 


NO ADDITIONAL EQUIPMENT 
_ OR ACCESSORIES ARE NEEDED 
TO MAKE THIS DYNAMIC 
RECORDING SYSTEM COMPLETE. y 


oF IN 0 tac + Fe Se Pe eR eT 


30 Day delivery on all EPSCO WORCESTER Recording Systems. 


INSTRUMENTATION FOR INDUSTRY AND MEDICINE 


€ps pC <7" WORCESTER 
“a DIVISION OF Esco. INCORPORATED 
207 MAIN STREET WORCESTER 8, MASS. PLeasant 7-8394 
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tory: 1958 sales were $59 million, first 
nine months’ earnings this year were 
highest ever with a traditionally peak 
quarter still to come. CEC, on the 
other hand, has just started to move 
into the black after a poor fiscal 1958. 

The disappointing year left the 
Pasadena, Calif., firm short on work- 
ing capital. Its products, aviation and 
missile test equipment, instrumenta- 
tion and control systems, magnetic 
tape equipment, and vacuum systems 
and controls, are largely proprietary; 
and the company requires abundant 
capital to stay competitive. B & H, 
whose profits are geared to population 
growth and the booming U.S. stand- 
ard of living, can provide substantial 
financial backup. 

In addition to motion picture and 
photographic equipment, the Chicago 
firm makes optical goods, audio- 
visual devices, and microfilm gear; the 
company has also entered the office 
equipment field with inserting and 
mailing machines. 

The merger will not be one-sided. 
The product lines of both companies 
dovetail neatly. B & H expects con- 
siderable help from CEC applying 
electronic techniques to its photo- 
graphic and office equipment. CEC, 
in return, plans to apply B & H’s pho- 
tographic experience to the instrumen- 
tation and control fields. 


Negotiations Underway To End 
F-108 Control Contracts 


After cancelling the F-108 Mach 3, 
long range interceptor-fighter in Sep- 
tember, the Air Force is now terminat- 
ing contracts on this project on which 
it has already spent $150 million. 
Major recipient of USAF’s attentions 
is North American Aviation, Inc., 
prime contractor for the defunct 
“Rapier”. As weapon system manager, 
NAA must in turn negotiate termina- 
tion agreements with its many subcon- 
tractors (70 percent of the project was 
to have been farmed out). Because of 
the nature of supersonic aircraft like 
the F-108, many of these contracts are 
for controls and instrumentation. 

Most seriously affected are these 
control subsystem contractors: Inter- 
national Telephone and Telegraph 
Corp.’s Federal Div., Garrett Corp.’s 
AiResearch Div., Marquardt Aircraft 
Co., and United Aircraft Corp.’s 
Hamilton Standard Div. A fifth con- 
trol subsystem, being built by Hughes 
Aircraft Co., is being continued. 

e Air data scrapped—AiResearch was 
subcontractor for the F-108 central air 
data computing system which was to 
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How do you want 
your digital data? 


Norden Converters offer varied outputs 


Decimal 


Counting 
Binary- 
Decimal 


Latitude/* 
Longitude 
Binary- 
Decimal 





6 





27 to 2'9 


27 to 2'9 


28 to 2'6 


10? to 106 


360 to 
360,000 





Available 
Counts per 
Turn 


128, 256, 
512, 1,024 


256, 512, 
1,024 


100, 1,000 


100, 360, 
360,000 





Diameter 


134” 


1A", 2%", 
3%” 


2%", 6%" 


2%", 3%", 
3%” 


























* V-brush logic included within encoder. 


Norden shaft position encoders translate analog input 
into a variety of digital outputs. The 31 standard 
Norden converters listed here are available for a wide 
range of applications and deliver digital data in several 
codes. Integrally mounted synchros are also available. 
Norden engineers welcome the opportunity to design 
special equipment to your specifications. 


Norden encoders are known and specified for high 
accuracy and reliability. Small size, long life, and the 
capability of continuous performance under severe en- 
vironmental condition are built-in characteristics as- 
sured by Norden’s engineering ingenuity and precision 
production facilities. Write Norden, or call TRinity 
4-6721, for complete data or engineering consultation. 


NORDEN DIVISIC N 
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serve as a central pickup for impor 
tant data like pressure, temperature, ac- 
celeration, and angle of attack. The 
information would have been _proc- 
essed and fed to the pilot and to other 
subsystems. More than half of the 
subsystem was to have been subcon 
tracted. ITT Federal’s mission and 
trafic control subsystem was to pro- 
vide communications, navigation, iden- 
tification, and landing aid functions. 

Hamilton Standard’s air condition- 
ing and pressurization (environmental 
control) subsystem is also designed for 
NAA’s B-70 bomber project, which is 
being continued. So the F-108 cancel- 
lation’s impact on HSD is not as over- 
whelming as for the other contractors. 
The F-108’s air induction control sub 
system was to have been provided by 
Marquardt. Its purpose was to regu- 
late the inlet air supply to the plane’s 
two GE J-93 engines. 

¢Fire control retained—The fifth 
controls subsystem, fire control, has 
been under development by Hughes 
on a prime USAF contract that had 
been tied into the company’s work on 
the GAR-9 missile, an advanced ver- 
sion of the Falcon air-to-air missile 
(but with nuclear capability and much 
greater range). ‘The dual development 
program is being continued for “pos 
sible application to other weapon sys- 
tems’. About $70 million has already 
been committed on the fire control 
subsystem and the advanced air-to-air 
missile, making this one of the most 
costly phases of the F-108 program. 
The Air Force says that Hughes work 
will “go forward at a reduced level”; 
a new contract is now being negotiated 
with the company. 

The $150 million total already spent 
on the project does not include an- 
other $50 million that had been com- 
mitted at the time of cancellation. 


TACO Tracks a New Market 


When Technical Appliance Corp. 
(TACO) was founded by motorcycle- 
racing Carl Goudy in 1931, it was a 
tinkerer’s company, one that would 
tackle the building of almost any kind 
of electrical or mechanical device. 
Doing this started the company in 
the home TV antenna business in 
1938. But the company really didn’t 
start to grow until the early fifties 
when the TV market exploded. 

With its head start in the TV an- 
tenna business, TACO expanded rap- 
idly, took advantage of the sudden 
insatiable demand for home units. 
The TV antenna boom slumped, un- 

(Continued on page 165) 
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CROSSBAR SWITCH 


THE NORTH CROSSBAR SWITCH PROVIDES GREATER INDUSTRIAL SWITCHING 
CAPACITY IN LESS SPACE-WITH TELEPHONE RELAY RELIABILITY—AT LESS COST! 


Designed and built on a matrix coordinate 10 x 12 
configuration, with up to 10 circuits per cross- 
point, providing sequential crosspoint selection 
for as many as 1200 switching points, the North 
Crossbar Switch is the most economical switch- 
gear available to do so much in so little space! 
Measuring only 22.95 inches long, by 5.35 inches 
wide and 8.67 inches high, two Crossbar Switches 
will easily mount side by side vertically in a 
standard 19 inch frame! 

The North Crossbar Switch is being used in 
analog and digital computer functions, as a 
memory device for programming and sequencing, 
for high traffic communications, machine tool 


control and programming, data storage and reduc- 
tion, digital to analog conversion, automatic test 
programming, computer readout, cable and cir- 
cuit testing, high capacity selector switching and 
a host of other industrial applications. 


Featuring multi-path selection, double wound 
hold coils, ball bearing pivot pins, the North 
Crossbar Switch requires minimum maintenance 
with virtually no moving parts or mechanical 
wear. Both mechanical life and contact life are 
in excess of 50 million operations! 


Select and hold magnet coils are available for 
operation on 24, 48 and 100 volts D.C. 


FOR ADDITIONAL DATA ON THE NORTH CROSSBAR SWITCH — write: 
INDUSTRIAL DIVISION 


(EEX ciel \s00y 
NORTH ELECTRIC COMPANY eur 75 
2912 SOUTH MARKET ST., GALION, OHIO we ay 
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Transitron offers... 


INDUSTRY'S MOST COMPLETE LINE 


SILICON TRANSISTORS 





M. 
JAN TRANSISTOR Minimum Maximum maxima, 


, — 
Current Gain Collector Voltage Cut-off Frequency and Ve Max. FEATURES 
(B) (Volts) (MC) (ua) 


JAN-2N118 10 30 10 l « Only Jan Silicon 
Transistor 


‘Maximum 

bi se leo @ 25°C 

Cut-off Frequency and Ve Max. FEATURES 
(MC) (ua) 


/ 
== i0 eee 
ll e Operation to 175°C 
FPaeR 15 « 200 mw Power Dissipation 


10 











Mini M 
SMALL SIGNAL Current Gain Collector Voltage 
(B) (Volts) 























Max. Power 


M M. D t FEATURES 
HIGH SPEED SWITCHING af F Coletor Votae on Satu eC ambi 
olts 


Collection Saturation @ 100°C ambient 
Resistance (ohms) (MW) 


150 60 500 « High Frequency Operation 
== 20 150 30 + Low Saturation Resistance 
50 


30 150 « Low leo 




















Typical | Typical 

Max. Power Maximum Minimum DC Rise Fall 
MEDIUM POWER Dissipation @ 25°C Collector Voltage Current Gain Time | Time FEATURES 
Case (Watts) (Volts) (B) (usec) (usec) 


= 3 5 
== + Fast Switching 











« High Ve. 
e Rugged Construction 

















me | Maximum Power Minimum DC Typical Maximum 
% HIGH POWER Dissipation . . 25°C Current Gain Collector Saturation Collector Voltage FEATURES 
Case (Watts) (B) Resistance (Ohms) (Volts) 
15 @ 2 Amps 1.5 60 e High Current Handling 








Ability 
e Low Saturation Resistance 
12 @ 1 Amp 6.0 80 e Rugged Construction 


12 @ 1 Amp 3.5 60 
































; 


SILICON DIODES 


Write for Bulletins: TE-1353 and TE-1355 





tae Fast Switching and High Frequency Types Military and High Conductance Types 
ed Ratings @ 25°C Ratings @ 150°C 
Max. Inverse Max. Average Inverse Recovery Max. Inverse jax. Average Max. Inverse 
FEATURES Voltage (Volts) Fwd. Current, Time (usec) Voltage (Volts) Fwd. Current Current 
(ma) (ma) (ua) @V 
1N808 100 100 JAN 1N457 60 25 5@ 60 


. oe sr eee rss = usec 1N809 200 100 : JAN 1N458 125 25 5 @ 125 
e High Conductance Combined 
With Fast Switching IN658 120 200 JAN 1N459 25 5 @ 175 


» Getiutaitens ten 1N659 55 100 ; IN485B 180 50 5 @ 175 
+ High Inverse Resistance Aness 100 pan = = th 2 
JAN 1N251 30 75 ‘ 1N464 175 40 30 @ 125 


SILICON RECTIFIERS ee eee eee 



























































Rati 150°C 1 Peak a ae a Inverse peaveee 

in x ature Inverse Voltage orward Current urrent EATURES 

Bs @ Case Temper (Volts) (ma) (ma) 

Subminiature Glass 1N689 150 0.2 

1N649 150 0.2 (@ 25°C) 

Miniature TJ60A 200 0.5 

TJ30A 200 0.5 e Reliability at High 

Axial Leads SL715 100 0.2 Temperatures 
1N547 250 0.3 e High Efficiency 

| __Military JAN 1N256 200 0.25(@ 135°C) _| * Rugged Construction 

Stud Mounted TMI55 05 © Connets Seating 
™M67 0.5 « Low Thermal 
Resistance 

















400 
3000 
Amps 
Medium Power TR402 20 5 

TR601 10 5 
High Power TH402B 50 15 



































Write for Bulletin TE-1351 





SILICON REGULATORS AND REFERENCES 





Maximum Dynamic Maximum Current 
—  €— — Voltage Range Resistance 23°c 8=—s @ 125°C FEATURES 
lolts) (ohms) (ma) (ma) 


—_~ai>—_——_- Subminiature — S'-5 43-54 55 50 10 


Miniature — SV-815 13.5-18 120 40 8 


v4 55°C + Long-term stability 

(amps)* (ma)y* « Operation up to 150°C 
os Power — SV-924 20-27 A 100 + Smail size, easy mounting 
Stabistor — SG-22 64 150 25 


« Hermetically sesled 
Reference — SV-3176 Tomanre 




















-a2— 














Ref-Amp — 3N44 * .002%/°C 
*Case temperature ratings 


SILICON CAPACITORS Write for Bulletin TE-1362 




















Ultra High Frequency Types — Ratings @ 25°C 


Cut-off Capacity Y¥ g @—4V Maximum 
Freq. (mc) @ V Max -—0.1V | @ @ 100Mc | Working Voltage 
5000 35 2 100 50 10 
5000 8 4 100 50 7 











« Subminiature Size 
« High Q 
High Frequency Types + High Temperature Operation 




















0@ —4v 

At 5mc At 50mc 
350 35 22 
350 35 Ti 





SC-1 
SC-5 






































24 
T20 
$C-15 ce 350 35 6 





GERMANIUM DIODES ea 





Forward Current Inverse Current at Max. Oper 
Specifications and Ratings at 25°C @ +IV Specified Voltage Voltage Description 
(ma) Ga @V) (volts) 


JAN-1N270 200 100 @ —50 80 
100 250@ —50 @ 75°C 100 
JAN-1N277 3@ —10 


rr 500 @ —50 60 JAN TYPES 
JAN-1N281 0 —30 

500 @ —50 60 
JAN-1N126 06 —10 

250 @ —30 @ 15°C 
JAN-1N198 Se —10 


1N283 20@ —10 COMPUTER 
T16G 100@ —50 TYPES 
1N278 125@ —50 @ 75°C 
































Ws-TEreRA Tune 
FEATURES 7226 20@ —10@ 75°C 
« Milli Microsecond Switching T96 “3 = 

« Superior Forward Conductance ING7A 0@ —50 HI-RESISTANCE 
¢ High Inverse Resistance 3@ on TYPES 

e Uniformity and Stability T8G 20 @ —100 
« Gold Bonded Construction 5@ —10 














Recovery Time 
002 
$5706 10 30@ 6 (usec) 


Write for Bulletin TE-1300 & TE-1319 
GERMANIUM COMPUTER TRANSISTORS 


Minimum Maximum Typical 
Current Gain Collector Voltage Cutoff Freq FEATURES 


(B) (volts) (MC) 
1s « High Frequency Switching 
“ « Low Saturation 


Resistance 


60 12 « Uniform input 
Characteristics 


MILLI-MICROSECOND 
SWITCHING 



























































Transitron’s TD series of rectifier stacks offer a 

wide range of ratings in seven standard circuit con- 

figurations. High voltage cartridges, quads, plug-in 

assemblies, and many other special encapsulations 

are also available. Your inquiries are invited. 
Write for Bulletin TE-1342. 


Your local authorized TRANSITRON 
DISTRIBUTOR now carries in-stock 
inventories for immediate delivery. 











ee 


‘Tra ngitron T 


electronic corporation @ wakefield, massachusetts 
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Control panels for the Ethylene Oxide and Ethylene Glycol 
Units at Jefferson Chemical’s Port Neches plant. Scientific 
Design Company Inc. handled design and detailed en- 
gineering for the Oxide Unit. C F Braun & Co were re- 
sponsible for procurement and construction of both units, 
and the engineering for the Giycol Unit. 


Part of the hexagonal control room for Jefferson’s Ethy- 
lene Unit A-2, where refinery gases are cracked to yield 
high purity ethylene and propylene. Designed and built 
by Stone & Webster Engineering Corporation, this unit 
tripled Jefferson’s ethylene capacity. Process control by 
Taylor Instrument Companies. 











"A very minimum amount of 
" 
instrument trouble was experienced 


s a 
ument maintenance i 


"Instr 
e of instruments 


'Transcope lin 
e ever used' 


is as versatile as We hav 


eS j . nts 
> 


'pollar for Dollar val 


one of the m 


are 


TAYLOR TRANSCOPE INSTRUMENTS 


The statements above,and many other equal- 
ly complimentary comments, were made by 
the Instrument Engineer at Jefferson Chem- 
ical Co., Inc., Mr. J. W. Rutledge. He’s re- 
ferring to the performance of TRANSCOPE 
instrumentation at the Port Neches plant, 
first on the Ethylene Unit A-2 and later on 
the Ethylene Oxide and Ethylene Glycol 
Units. 

In Mr. Rutledge’s own words: “The new 
Taylor TRANSCOPE instruments were pur- 
chased for subsequent expansion, due to 
the fine performance of these instruments 
On our previous unit start-ups and the 
smooth operation of the operating units, 
as well as the low initial cost’. 

The photographs at left show a few of the 
several hundred TRANSCOPE Plug-in Re- 


ost advance 


qd designs of 


corders in use at Port Neches. In addition, 
Jefferson Chemical use many TRANSCOPE 
Indicators and Controllers and TRANS- 
AIRE* Temperature Transmitters. 

“Never before so many features in so 
little panel space”, has been our claim for 
the 90) Transcope Recorder since first in- 
troduced. The experience of Jefferson 
Chemical, and of many other companies 
in the chemical, petroleum and petro-chem- 
ical field all over the world is, we believe, 
eloquent “proof of the pudding”. 

To learn more about the truly remark- 
able—and many unique—features of the 
TRANSCOPE instruments, call your Taylor 
Field Engineer; or write for Bulletin 98286. 
Taylor Instrument Companies, Rochester, 


N. Y., or Toronto, Ont. See eate 


Taylor Lustrument MEAN ACCURACY FIRST 
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Status Report on RCA Micromodules — 
dramatic new devices for high-density parts packaging 


How soon will you see 
your electronic products 
in Micromodule form? 


The excitement over Micromod- 
ules is still mounting ! We haven’t 
seen such enthusiasm and activ- 
ity since the early days of transis- 
tors. Scores of electronic equip- 
ment designers and manufac- 
turers are asking: “How soon can 
I see my product in Micromodule 
form?” Our answer: Right Now! 
We'll take your circuit, bread- 
board, or black box, evaluate it 
and convert it to module form. In 
fact, you will find that end-equip- 
ment in Micromodule form is 
probably only one design cycle 
away! 


Special Presentation 
Now Ready! 


RCA Field Engineers are pre- 
pared to show you a presentation 
that will clearly explain the 
potentialities and the current 
working realities of Micromod- 
ules for application in military 
computers, digital devices for 
missiles and satellites, airborne 
or portable communication equip- 
ment, or submarine electronics. 
Many designers who have seen 
this presentation were so im- 
pressed with the possibilities of 
extreme miniaturization and in- 
creased reliability of Micromod- 
ules that they have immediately 
placed orders to begin micromod- 
ularization of their equipment. 
Call your RCA Field Representa- 
tive today and he will set up a 
presentation for you at your con- 
venience. 


































































































RCA Micromodules, todays’ most exciting, most practical answer to high-density parts packaging, 
make possible equipment with modular parts densities to 600,000 per cubic foot. Result: important 
space savings over existing miniature equipment and an amazing increase in the number of circuit 
functions per cubic foot. Increased reliability through redundancy, room for more circuits to improve 
accuracy, precision, control and sensitivity are other significant advantages offered to designers. 





Micromodules, developed through the joint 
efforts of RCA and other leading component 
manufacturers, in cooperation with the U.S. Army 
Signal Corps, are units in which several micro- 
elements are combined to perform specific func- 
tions such as amplifier, oscillator, or divider. The 
microelements are tiny ceramic wafers .310 





inches square and 1/100th inch thick, on which 
conducting, semiconducting, and insulating ma- 
terials are fused to provide the electrical char- 
acteristics of basic electronic components such 
as resistors, capacitors, and transistors. The 
microelements are interconnected and encapsu- 
lated to form Micromodules. 


RCA FIELD OFFICES 


East: 744 Broad Street, Newark, N. J. 
HUmboldt 5-3900 
Northeast: 64 ‘'A'’ St., Needham Heights 94, Mass. 
Hillcrest 4-7200 
East Central: 714 New Center Bidg., Detroit 2, Mich. 
TRinity 5-5600 
Central: Suite 1154, Merchandise Mart Plaza 
Chicago, II!., WHitehall 4-2900 
West: 6355 E. Washington Bivd. 
Los Angeles, Calif., RAymond 3-836! 
Gov't: 224 N. Wilkinson St., Dayton, Ohio 
BAlidwin 6-2366 
1625 **K"' St., N.W., Washington, D.C. 
District 7-1260 


ALSO AVAILABLE AT YOUR LOCAL 
RCA SEMICONDUCTOR DISTRIBUTOR 


RADIO CORPORATION OF AMERICA 


SEMICONDUCTOR & MATERIALS DIVISION - 


SOMERVILLE, N. J. 
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Skinner introduces Two-Way Solenoid 
Valve for Control of High Pressures 


New High Pressure Models just added 


to the Skinner two-way Type R series 
line of pilot-operated solenoid valves 
aré offered in two-way normally closed 
construction only. Orifice size is %4” 
diameter with 4” NPT ports. Operat- 
ing pressure differentials: 5 to 1250 psi 
on AC voltages and 5 to 1000 psi on 
DC voltages. Designed for use with 
such media as air, oil, water and semi- 
corrosive liquids. 


Standard Pressure Two-way R Series 
Valves. These two-way valves are 
available in standard and explosion- 
proof construction, normally open or 
normally closed. Pressure operating 
differentials are 5 to 200 psi for nor- 
mally closed and 5 to 150 psi for nor- 
mally open. 


Features. New Skinner Models are 
built to U. L. requirements in standard 
and explosion-proof construction. V5- 
2H type solenoid operator contains 
stainless steel internal parts to resist 
corrosion. Valve body is forged naval 
brass and contains stainless-steel pis- 
ton assembly, precision machined to 
close tolerances for positive opening 
and closing of the main orifice. 


Many Desirable Features: Standard 
pressure R series two-way valves have 
V5 type operator; stainless steel inter- 
nal parts; naval brass body; stainless- 
steel piston assembly; soft synthetic in- 
serts for bubbletight operation. Nor- 
mally open models have piped-body 
return. Valve can be mounted in any 
position. 


Variety of Coil Voltages. Standard 
coils, built to U. L. standards, are var- 
nish-impregnated and moisture-resist- 
ant. Molded waterproof coils are 
available that will even operate under 
water and are resistant to fungus 
growth. Coils are available in wide 
range of voltages and frequencies. 


Custom Installation with these Op- 
tions. There is a large selection of 
electrical housings that can be rotated 
360° for easy connecting. Also avail- 
able is manual override that permits 
opening or closing the valve in the 
event of curreat failure. 


Skinner Solenoid Valves are distributed nationally. 


For complete information, contact a Skinner Representative listed in the Yellow Pages or write us at Dept. 34D. 


A VALVES 


THE CREST OF quatity THE SKINNER ELECTRIC VALVE DIVISION « NEW BRITAIN, CONNECTICUT 
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Designing in miniature? 
Here's how to save space — 


.. ._90% of it! 


New G-C MICROSTACK* for coincident 
current memory systems has a physical 
volume just 10% that of conventional 
stack. MICROSTACK shown with 2560 
cores measures only 1.125” x 1.4" x 1.4’,a 
reduction in size from 3%” x3%" x5”. 


This miniature stack consists of an array 
of 16x16x10. Solder connections are 
greatly reduced (from 1192 to 104), there- 
by substantially increasing reliability. 


GENERA 


Noise level in the new MICROSTACK is 
as low as that of conventional types. The 
new MICROSTACK is available with all 
standard memory cores. Standard pack- 
ages are available with coincident current 
wiring in 10x10x8, 16x16x8 and 32x 
32 x 8 arrays. 


For further information, please write on 
company letterhead—address inquiries to 
Dept. CE. 


* Trademark 


General Ceramics Corporation 


KEASBEY, NEW JERSEY, U.S.A. 
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COMPUTER PROGRESS FROM GENERAL ELECTRIC 


‘Two More Users Agree: 


THE GE 307 MINIATURIZED NETWORK ANALYZER PAYS FOR 


ITSELF SOLVING TRANSMISSION AND DISTRIBUTION PROBLEMS 


tah Power and Light Company engineers R. W. 
Wilkinson 


Again, G-E custom computer design delivers! 
In this instance, speeding solutions right now 
to problems too large for hand calculation, too 
smail for the expense of large netwerk analyzer 
solution. The Miniaturized Analyzer proves 
quick solutions for the following everyday, but 
must-be-solved problems : 
© Studying such system voltage conditions as 
regulator capacitor requirements and deter- 
mining corrections. 


Kansas Power and Light Company engineers A. A. 
Liepa and J. D. Wallace use the GE 307 Analyzer in 
system voltage study, only one of the many applica- 
tions. ‘The GE 307 Analyzer “eliminates |aborious al- 
answers quickly, efficiently,” says engineer A. A. Liepa. 


e Checking loadings on lines and cables. 

© Investigating adequacy of presently installed, 
or future circuit breakers. 

¢ Analysis of transmission requirements to 
supply new loads. 


Request brochure CPB-4B. Contact your near- 
est General Electric Apparatus Sales Division 
Office, or write to: Computer Department, 
General Electric Company, Deer Valley Park, 


Progress /s Ow Most Importent Prodvct 


GENERAL GD 


ELECTRIC 


FOR FIGURES IN A HURRY-FIGURE ON A GE COMPUTER ef 





Actual Size 



























































AVAILABLE TYPES 


Case Case 
AMPLIFIER Size AMPLIFIER 

Resolver Drive Amplifier A-C Amplifier A 
A-C Summing Amplifier D-C Amplifier a 
A-C Isolation Amplifier Pulse Amplifier a 
AGC Amplifier ADC Drive Amplifier B 
Relay Amplifier Pulse Power Amplifier A 
Servo Preamplifier Accumulator Amplifier A 
Servo Power Amplifier Electronic Differential A 


Diode Synchro Signal Selector 


COMPLETE COMPUTER SYSTEM PACKAGES 


* Mid-Course Missile Computers 
@ Inertial Reference Packages 
® Stable Platforms 
® Rate Loops 
REEVES’ contributions to such advanced missile programs as 
DISCOVERER, TITAN and REGULUS are your assurance of proven 
reliability and performance. 


DESIGN FEATURES 


@ Completely encapsulated for continued 
reliability under extreme environmental 
conditions 


@ Plug-in modular design for rapid .assem- 
bly and ease of maintenance 


@ Fully transistorized—Minimum Weight 
and Volume 


® Cadmium-plated steel casings for elec- 
trical shielding 


® Meet MIL specifications: MIL-E-8189 and 
MIL-E-5400, Classes | and Il 


Write on company letterhead for complete Data File No. 112. 


12RV59 


REEVES INSTRUMENT CORPORATION 
A Subsidiary of Dynamics Corporation of America ¢ Roosevelt Field, Garden City, N. Y. 
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because we can’t buy them 


.. IT’S AS SIMPLE 
AS THAT...AND 
THEY COST NO 
MORE THAN 
OTHER SWITCHES 


LIMIT SWITCHES. 
A full line, originally de- 
signed for machine tool 
applications but now used 
wherever the highest reli- 
ability factors are required. 
Bulletin EM-51. 


DECEMBER 1959 


SOLENOIDS. A full 
line of standard and cust 
units for AC or DC. Push 
or pull types with capaci- 
ties up to 25 lbs. Bulletin 
EM-52A. 





We had to build Gold-N-Ring Control Switches to meet our own 
high reliability specifications . . . our reputation was a part of 
this important fact. We’re machine tool builders. We can’t 
afford to be responsible for costly down-time on important 
capital investment equipment due to inferior control switches 
That’s why we build them like precise machine tools . . . and 
why it will pay you to check with us. 


A wide range of basic units meets practically every need .. . 
as well as completely assembled stations in 1 to 4 button sizes 
to meet your electrical specifications. Ask our representative to 
call, or send for Bulletin ECS-56 . . . the complete selection 
and ordering guide. 


ELECTRICAL MANUFACTURING DIVISION 


eTfenel 


THE NATIONAL 


ACME COMPANY 
165 E. 13ist STREET 
CLEVELAND 8, OHIO 
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NEW COPE CONTROLWAY! 


FOR SIGNAL AND CONTROL CABLE DISTRIBUTION 


CUT COSTS of SupportSystems 
for Low Voltage Circuits 


@ Specially Designed for Industrial Installations 
where Intermittent Circuit Operations do not 
require cable ventilation 


@ Strong, Rigid, Galvanized Finish Construction 


@ Exclusive Cope Pin-Type Coupler Speeds and 
Simplifies installation 


@ Saves Materials, Design Time and Labor Costs 
—on Any Size Job 


@ Provides Maintenance-Free System 


W Straight Sections and Fittings in 9”, 12” and 
18” Widths—to Meet Every System 
Layout Need 


@ Complete Line of System Components 
Delivered Promptly through Nearby 
Authorized Wholesalers 


THE MOST ECONOMICAL METHOD YET 
DEVELOPED FOR SUPPORTING LOW 
VOLTAGE SIGNAL AND CONTROL 
CIRCUITS AND INSTRUMENT TUBING 


ASK FOR PROOF! et cost saving 


details on new Cope Controlway from your 
Authorized Cope Electrical Wholesaler today. 
For illustrated brochure describing system de- 
sign features and installation advantages, 
write direct to T. J. Cope, Division of Rome 
Cable Corporation, Collegeville, Pa. 


1023 
Originators of First Integrated Line of Cable Supporting Systems 
WIREWAY « LADDER « CHANNEL e CONTROLWAY 


division of ROME CABLE CORPORATION 
COLLEGEVILLE, PENNSYLVANIA 
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IF INSTALLED-COST IS A DESIGN PROBLEM 
Look at the KA general purpose RELAY 


What do your relays cost installed? Initial cost is 
never the whole story. 

Our KA Relays are engineered for modern pro- 
duction methods. They’re available with printed 
circuit, taper tab, quick-disconnect or hook solder 
terminals . . . are simple, economical to install. This 
fact, combined with low original cost, keeps your 
total cost down. 

Another source for savings! All standard KA ac 
relays bear U/L and Canadian Standard Association 
seals of approval. 

Write or call for more information or see the 
complete P&B catalog in Sweet’s Product Design File. 


KB LATCHING RELAY con- 
sists of two KA Relays, forming 
a mechanical latching relay, 
featuring a large number of 
contact arrangements. 


KA ENGINEERING DATA 
GENERAL: 


Insulation Resistance: 100 megohms min. 
Breakdown Voltage: 1500 V. rms between 
all elements. 
Temperature Range: 
55° C. to +85° C. DC 
55° C. to +70° C. AC 
Weight: 2.0 ozs. 
Pull-in: DC 75% of nominal voltage. 
AC 78% of nominal voltage. 
Terminals: Taper tabs. 
Printed circuit. 
Quick-disconnect. 
Pierced solder lugs. 
Enclosures: Dust Cover 
(max. 55° C. ambient for AC relays) 
(max. 70° C. ambient for DC relays) 
CONTACTS: 

Arrangements: 3 Form C (3PDT) max. 
Material: Movable— se” silver; stationary — 
Yo" wide silver overlay. 

Load: 5 amps @ 115 V. AC 60 eps res. 
COILS: 
Resistance: 16,500 ohms mox. 
Power: 1.2 watts (DC), 2 volt amps (AC) 
Duty: Continuous AC or DC (DC coils will 
stand 4.5 watts at 25° C.) 


> P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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Through Haydon 
pw tag 


BETTER ANSWERS TO 
YOUR TIMING PROBLEMS 
TODAY and TOMORROW '! 


An important part of Haydon’s Research and 
Development Program concerns itself with your 
immediate timing requirements . . . analyzing the timing 
problems you submit, investigating all possible methods 
of solution, and developing new timers — or adapting 
existing models . . . to meet your needs exactly. 


However, an equally important part of our Research and 
Development Program is concerned with anticipating 
your future timing requirements — and with deyeloping 
in advance the new timing methods and devices that 
will provide the solutions. In conducting this latter 
part of our research, we carry out an extensive program 
at our own complete in-plant laboratory . . . and also 
take full advantage of the advanced experimental data 
developed in the laboratories maintained at New York 
and Chicago by General Time Corporation, our 

parent organization. 





Concerned primarily with “pure” research, the New 
York laboratory investigates the latest advances in all 
the basic sciences to determine which have possible 
application in the field of timing and timing control. 
The Chicago laboratory concerns itself with applying 
timing to military and industrial fields. Finally, our own 
laboratories at Haydon determine how these new 
timing principles can be applied to the development 
and manufacture of practical, dependable, economically 
priced new timing motors and devices that will solve 
your present and anticipated timing problems. 


As a result of this triple-team program of research and 
development, covering every stage from pure science’ 
to practical production, you can always count on 
Haydon to provide the latest and finest for your timing 
needs . .. today, tomorrow and any time! 


‘ 


For further information, write now, outlining your 
timing requirements, or contact your nearest 
Haydon field engineer. 


Haydon Division of General Time Corporation 


AT TORRINGTON 2336 EAST ELM STREET, TORRINGTON, CONNECTICUT 





Headquarters for Timing 
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how 


MODEL 1108 24- 


there are 


Honeywell, developers of the 
original VISICORDER Ultra Violet 
recording oscillograph principle, 
now brings you a third 

great Visicorder oscillograph . . . the 


CHANNEL DIRECT-RECORDING 
VISICORDER OSCILLOGRAPH 





MODEL 906 VISICORDER 


The original 8-channel Model 906 Visicorder 

was the first oscillograph to make use of 

the now-famous Ultra-Violet Visicorder 
recording principle, pioneered and 

developed by Honeywell. The 906 Visicorder was 


the first oscillograph to combine the high frequency 
response and writing speed of photographic-type 
oscillographs with the convenience of direct recording. 
Recent models incorporate time lines and grid lines, 
and record up to 14 simultaneous channels of data 

at frequencies from DC to 5000 cycles per second. 


The 906 Visicorder is ideal for uses requiring 
up to 14 channels of data. 





THE MODEL 1108 VISICORDER OSCILLOGRAPH 





MODEL 1012 VISICORDER 


The Model 1012 Visicorder is the 

most versatile and convenient 

oscillograph ever devised for 

converting as many as 36 

simultaneous channels of dynamic data into 
immediately-readable records. Like other Visicorders, 
the 1012 permits monitoring the information at the 
recording point as it goes on the record. It also records 
at frequencies from DC to 5000 eps. 





The Model 1012 Visicorder, with its conveniences and 
broad capacities, is ideal for large-scale uses 
where up to 36 channels of data are required. 

















NEW MODEL 1108 VISICORDER provides the ultimate in im 
unlimited variety of applications. 


The Model 1108 may be used in direct connection with 
many types of transducers where high frequency record- 
ings are not required. Or it may be teamed with various 
types of amplifiers where high-frequency —high ampli- << 
tude readout is desirable. A broad selection of galvano- 
meters with a wide variety of sensitivities and fre- 
quencies is available. A schematic diagrami designed to 
suggest sample hookups for various applications—with 
and without amplification—appears at lower right, and 
demonstrates the wide variety of uses to which this one ( 
recording system may be put. 


















EASY PAPER LOADING ... Paper supply CONVENIENT ACCESS .. . Covering panels or 
assembly swings forward, supply roll drops easily into cleaning of optical components, calibrating timer, anc 
place. No threading required. REAR VIEW shows rear-panel input connectors.) 


» in immediate, convenient readout of data in an 


































































ing panels on instrument are readily removable for easy access to lamp, 
ing timer, and to service other assemblies. (THREE-QUARTER 


connectors.) 































































































MODEL 119 Carrier Amplifier System ... primarily for resistive, variable 
reluctance and differential transformer type transducers. Linear and Integrating 
Amplifiers may replace Carrier units in the case. Frequency response: (Carrier) 
0-1000 cps; (linear /integrate) 5-5000 cps. Six channels. 

MODEL 82-6 Bridge Balance and Strain Indicator Unit. . . controls, calibrates 
and measures static and dynamic phenomena from resistive transducers. Gives 
full indication on meter scale with as little as 315 uin /in strain input. Six channels. 
MODEL 130-2C Amplifier System . . . amplifies output of transducers measur- 
ing strain, force, acceleration, flow, pressure, control, displacement, and many 
other phenomena. Two channels. 


MODEL T6GA DC Amplifier System . ..a compact 3-stage transistor amplifier 
which operates the high-frequency Visicorder directly from low power inputs 
down to 1 volt. Six channels. 

SERIES “M” Subminiature Galvanometer ... features minute, sealed construc- 
tion, higher sensitivity, greater stability. Directly interchangeable in Honeywell 
Models 1108, 1012, 906A-1, and 906B-1 Visicorders and Models 708C and 
712C developing-type oscillographs. 


INPUT FUNCTION FIELD 
Resistance 
strain gauge 
Differential Stress 
transformer 
Variable reluctance pn 
antities 
Potentiometric Missile /Aircratt 
Capacitive Pressure 
Veloci enerator 
119 Carrier, Linear /Integrating we Nuclear and 
Amplifier Electro-kinetic atomic reaction 
Displacement 
Resistance 
——_—— strain gauge Mass 
| | : © oer Differential Time 
- F\0°9 transformer 
12 efog.b Variable reluctance Force 
130-2C Amplifier Potentiometric baie 
Capacitive 
Velocity 
Vibration 
Strain gauge 
Potentiometric Harmonic 
82-6 Bridge Balance Analysis 
and Strain Indicator Unit 
Temperature 
DC voltage 
AC voltage Light 
Telemetry (fm 
99090 2° ° discriminator) output Chemical 
eh phenomena 
T6GA—Series Galvanometer Analog computer Telemetry 
Amplifier output 

















Industria! Test 








EASY GALVANOMETER ADJUSTMENT... 


provided through top panel. No clamping or locking 
is required. Galvanometer spots may be observed at 


recording point while adjustment is being made. 








MODEL 1108 VISICORDER 


adds still more versatility to the Honeywell family of 
direct recording oscillographs. 


Designed to the utmost standards of customer convenience, 
high-frequency and high sensitivity recording, and reliable, accurate 
performance, the Model 1108 continues the long-standing tradition of 
Honeywell leadership through creative engineering. Examine the diagram 


below for feature-by-feature evidence of this leadership. 


FEATURES OF THE 1108 


General Features 


AUTOMATIC RECORD 
LENGTH CONTROL ... adjust 
able from 1 to 25 feet indicator 
shows amount of pre-set record length 
remaining 


VISIBLE RECORDING POINT 
... galvanometer spots may be mon- 
itored through amber screen as they 
record. 


3} GRID LINE INTENSITY CON.- 
TROL . manually adjustable to 
compensate for exposure at various 
record speeds. (Grid line spacing: 0.1 
inch, 5th line accentuated. Custom 
grid spacings on special order.) 


0 GALVANOMETER SPOT IN- 
TENSITY CONTROL ... of, on, 
and manually adjustable to control 
sharpness of galvanometer traces at 
various record speeds and writing 
speeds. 
9 RECORD NUMBERING ... Four- 
digit resettable record-number counter 
photographed at start of each record. 
Flash-tube type; may also be used as 
event marker. 


4 @ € open this page 


RECORD DRIVE CONTROL and 
INDICATOR ““Forward’’ for 
recording; “‘reverse’’ for closer study 
and analysis of data after recording 
has been made. Indicator signal light 
turns off if recording is not taking 
place. 

RECORD SPEED INDICATOR, 
pushbuttons for 5 speeds plus 3 range 
pushbuttons give you 15 separate 
speeds. Speeds may be changed during 
operation. Positive clutches, no gear 
meshing 

TIME LINE SYSTEM ... Elec- 
tronic flash type, instant warmup 
Three selectable intervals: 1, .1, and 
.01 seconds. No optical parallax. May 
also be operated from external signal 
and in multiplex. 


RECORDING LAMP ON-OFF 
CONTROL AND INDICATOR 


POWER ON-OFF CONTROL 
AND INDICATOR 


RECORDING PAPER CAPAC- 
ITY 8” x 200 feet of standard- 
weight paper; 350 feet of thin base 
paper. Take-up integral with record- 
drive system. 





GALVANOMETERS access 
through top panel. Accepts up to 24 
Series M Subminiature galvos, plus 
4 static reference galvos. Directly inter 
changeable among Honeywell Models 
906A-1, 906B-1, 1012, 700C oscillo- 
graphs. 

PAPER KNIFE 
ated. 


Other Features 
TRACE IDENTIFICATION . 


at 45° slope, '~”" width, interrupting 
galvos in sequence on approximately 
8” spacing. 

OPTICAL ARM 11.8 inches 
(30cm) standard in all Honeywell 
oscillographs. 

LAMP AND CIRCUIT High- 
pressure mercury vapor lamp. Auto- 
matic starting 

REMOTE OPERATION Con- 
trol circuits provided for remote opera 
tion. 

INPUT POWER . 105-130 volts 
60 cycle; 7 amps. 50 and 400 cycle 
models also available 

MOUNTING . Table and rack 
Shock or vibration mounting using 
available accessories 


manually oper 























REFERE 


abe 
VASE ANGLE ¢=5 
AMPLYTUDE A/ > 


>» 








OTHE 
AND MON 
... for anal 
error signal 
ORATORI 
PUTING f 
evaluation 
impractical 

























‘YPICAL USES OF THE VISICORDER 























In weather research... In development test... * 

This Visicorder record gave This directly-recorded Visicorder record 

U.S. Weather Bureau shows a canceller test of letters 

scientists immediate readout through a new mail-handling machine 

of thunderstorm data taken developed by Emerson Research 

at Mt. Washburn in Laboratories for the U.S 

Yellowstone National Park. Postoffice Department. 

As the storm system passed, The Visicorder test took only 3 hours 

the Visicorder recorded to solve a 3-week problem: why letters, 

positive and negative air travelling at the rate of 30,000 Pte 
conductivity, rate of letters per hour, changed speed as io ayaa Mining a = 
ionization of air, raindrop they went through the machine 

charge, corona discharge (Constant speed is necessary to register “ 

current from an insulated cancellation on the stamp every time.) 

tree and a 4’ x 6’ grass plot, Motor speed variations, belt slippage, 

times of camera exposure and letter slippage in the drive rollers Dravaly 1 Caan Me's 
photographing droplet size were responsible. A synchronous-drive Sao 7 129m a BAY Oe 

and electrical charge, motor, a timing belt drive, and a better Za, steta thavth Men A > att 
atmospheric potential grade of rubber in the drive rollers 

gradient, and time. were added to solve the problem 











at a vast saving in engineering time. 





) 
In production... Industrial design... 
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ITHER USES of the Model 1108 Visicorder . . . as a direct readout unit IN RECORDING 
ND MONITORING SYSTEMS...IN MISSILE AND ENGINE ANALYSIS for test stand recording 
. for analog recording OF TELEMETERED SIGNALS. ..IN CONTROL to monitor reference and 
ror signals .. . IN NUCLEAR TEST to record temperatures, pressures, impacts, etc... . IN LAB- 
RATORIES for all purpose analysis ... IN PRODUCTION for final dynamic inspection . .. IN COM- 
JTING for immediately-readable analog records .. . IN PILOT COMPONENT TESTS for rapid 
aluation of prototypes ... IN ALL TESTS which are non-repetitive in sequence, making oscilloscopes 
practical. 


Honeywell 
HE Qudustrial Products. Group 


For further information including prices and delivery, write Minneapolis-Honeywell Regulator Company, Industrial Products Group, 
Heiland Division, 5200 E. Evans Ave., Denver 22, Colorado 


é 





Specify the Finest Digital Voltmeter Made 


NLS SERIES 20 


When the combination of reliability, speed and accuracy is of uncompromising importance — you 
can’t afford to gamble on “second best” digital measuring equipment! NLS Series 20 instruments are 
field-proven in the most critical applications — missile and electronic systems checkout, automatic 
process monitoring, sophisticated laboratory research. Be sure— specify NLS Series 20, the instru- 
ments selected by major missile manufacturers after thousands of hours of competitive life testing. 


Features: M24 measures DC voltage, voltage ratio or resistance in a third of a second, V24 measures DC voltage and voltage ratio at 
same speed ... both instruments feature advanced transistorized circuitry and mercury-wetted relays with life in excess of 3 billion 
readings ... s-one digit accuracy on DC voltage and voltage ratio ... completely a. tomatic operation . . . plug-in modular construction 
... AC or low level measurements with plug-in accessories . . . output connectors for continuous data logging, remote ranging. Ranges: 
DC voltage +.0001 to +999.9; DC voltage ratio to +.9999; resistance .1 ohm to 1 megohm, Write today for complete data. 


Originator of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 


NLS — The Digital Voltmeter That Works And Works And Works! 
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DEVICE DEVELOPMENT 
ENGINEER 


26,000 . will be produced from 


slices of gefManium-crystal seen in container 
being inserted into diffusion furnace. 

n circle above are 3/7 of more 

0 transistor hearts per slice 


your future: 
a challenging opportunity 
with an industry leader 


Now take advantage of maximum 
professional growth at Texas 
Instruments by participating in 
development of the most advanced 
semiconductor-component devices. 
Working with the newest facilities, 
take part in: 


@ DEVICE DEVELOPMENT Development 
of new devices by studies in solid- 
state diffusion, alloying of metals and 
semiconductors, vacuum deposition 
of metals, surface chemistry, and 
solid state physical measurements. 
SURFACE ST''DIES Surface reactions 
and surface energy phenomena on 
silicon and germanium. 

ADVANCED COMPONENT DESIGN 

Development of new components by 
studies of deposition of thin films, 
electrolytic studies such as anodic 
oxidation rates and film structures. 

@ NUCLEAR RADIATION experiments on 
semiconductor materials and devices. 


With TI, receive liberal company- 
aid benefits, including profit shar- 
ing (last year 15% of base salary). 


Interviews will be held in your area 
soon. If you have an Electrical En- 
gineering, Physical Chemistry or 
Physics degree and experience in 
semiconductor or related develop- 
ment areas, please send a resume to: 


W. T. Hudson, Dept. 201-E-CE 
(for immediate Eastern appointment) 


1141 E. Jersey Street, Elizabeth, New Jersey 


or 


C. A. Besio, Dept. 201-CE 


TEXAS INSTRUMENTS 
INCORPORATED 


SEMICONDUCTOR - COMPONENTS DIVISION 
POST OFFICE BOX 312 + DALLAS, TEXAS 


Now in mass production for more than 4 years... 


2NB37 SERIES USE- PROVED 
IW ADVANCED APPLICATIONS 


Now get advanced application information and complete 
reliability and life-test data on Tl grown-junction silicon 
transistors—based on four years’ experience. 


PARAMETER TEST CONDITIONS AND LIMITS 


PARAMETER ACCEPTANCE LIMIT 
MEASURED MIN MAX 


PARAMETER TEST CONDITIONS AND LIMITS 


PARAMETER 
MEASURED 








TEST 
CONDITIONS 
Yop = 20 vee 
p= 0 
T, = 25°C 


ACCEPTANCE LIMIT 
MIN MAX 


TEST 
CONDITIONS 
Ye = 5 wde 
I¢ =10 mo 
Ty = 25°C 
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Post Test End Limit 


Maximum 5 


Post Test End Limit 


fall within the shaded oreo 


95% \ of the 
\ \Median 


5% of the bail 


Post Test End Limit 


.00001 
0 1 2 3 4 5 6 0 1 2 3 4 5 6 


Icso and hre characteristics of a sample of 60 TI 2N337 and 2N338 units over a 
6-week period. These tests are conducted by TI’s independently operated Quality 
Assurance Branch, and are representative of the complete parameter behavior 
test information in the Silicon Transistor Reliability Data brochure listed below. 





r 
i 
| PUSH-PULL TRANSISTORIZED SERVO 


AMPLIFIER 
Description of a 2-watt transistorized 
servo amplifier which, using unfiltered 


rectified a-c for the ‘collector supply, 
has high collector efficiency. 


HIGH-INPUT-IMPEDANCE AMPLIFIER 
USING SILICON TRANSISTORS 


Amplifier described has input imped- 
ance of 8 megohms, voltage gain of 40 
db, and output impedance of 600 ohms. 


TRANSISTORIZED VOLTAGE REGULATOR 
CIRCUIT 


Description of a circuit which can reg- 
ulate the voltage to loads demanding 
up to 600 ma. 


HIGH-FREQUENCY CHARACTERISTICS OF 
GROWN-DIFFUSED SILICON TRANSISTORS 
Description of characteristics of 
2N338 switching and general-purpose 


unit and 3N34 and 3N35 very-high- 
frequency tetrodes. 








SILICON TRANSISTOR RELIABILITY DATA 


Complete parameter analysis of TI 2N332 through 2N343 
—a graphic presentation of parameter behavior with time 
when one type transistor from a series is subjected to stated 
tests. The graphs above are representative of this data. 


SILICON TRANSISTOR 


reliability 
«lata 
svaw 














These reports are available by writing on your letterhead 
to your nearest TI sales office, and are not available 
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ESISTOR 


. . With reliable T/I silicon transistors 





New improved TI 2N337 and 2N338 specifications 
provide greater design flexibility for your switching 
circuits .. . nuclear counters ... pre-amplifiers . 
RF amplifiers ...455 KC IF amplifiers... and many 
other high frequency applications. 

You get high gain at low current levels with TI dif- 
fused silicon transistors. High alpha cutoff ...10 me 
min for 2N337, 20 me min for 2N338...and ex- 
tremely low collector capacitance assure optimum 


design characteristics at 25° C ambient (except where advanced temperatures are indicated) 2N337 IW 


test conditions 


Ico Collector Cutoff ris Veg = 20V Ie =0 
at 150°C Vee = 20V 

BVcso Breakdown Voltage leg = 50uA 

BVego Breakdown Voltage leg = 50uA 

hip Input Impedance Veep = 20V 

Nob Output Admittance Veep = 20V 

hep Feedback Voltage Ratio 

hep Current Transfer Ratio 

hee DC Beta 

fab Frequency Cutoff 

Cob Collector Capacitance* 

Res Saturation Resistancet = 

Ne Current Transfer Ratio 

Rise time§ 
ts Storage Time 
ts Fall time 


* Measured at 1 mc t Common Emitter 


WORLD'S LARGEST SEMIC CTOR PLANT 


ig = —1mA, f = 2.5mc 


t Ig = 1mA for 2N337, 0.5mA for 2N338 


performance in your switching and high frequency 
amplifier applications. 

Over four years of mass production and successful use 
in the most advanced military and industrial appli- 
cations have proved the value of the TI 2N337 series. 
Consider TI’s guaranteed specs when you select de- 
vices for your next transistor circuit. These units 
are immediately available in production quantities or 
from large stocks at all authorized TI distributors. 
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TEXAS INSTRUMENTS 


(INCOR PGRA TE D 
SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 312 + 1350Q@N. CENTRAL EXPRESSWAY 
DALLAS, TEXAS 
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Maintained 2-pole 


rai} 


Momentary 2-pole 





Momentary 3-pole 


Momentary 4-pole 


COMPACT 


long-life, snap-action pushbutton switches 


The high quality and dependability of these 
pushbutton switches make them ideal for use 
in such fields as aircraft, missile guidance, data 
processing, and office equipment. Features that 
contribute to excellent performance include: 


1. Long-life, precision, snap-action basic 
switches; enclosed contacts prevent fouling 
by dust and dirt. 


2. Choice of momentary or maintained-contact 
switching functions. Momentary types 
transfer circuit only while the button is de- 
pressed. The maintained type transfers 
circuit alternately from one position to the 
other with each push of the button. 


Actuator on momentary types incorporates 
a pretravel/overtravel spring and an over- 
center snap mechanism which provides op- 
timum ‘“‘feel’’ of operation and non-tease 
actuation of all the basic switches. 


Buttons are of high-strength plastic, have 


§. Switch terminals are of double turret design, 
provide for proper solder connections: 


6. These switches are available with buttons 
in black, white or brilliant red or green. 


‘7. These compact assemblies permit close spac- 
ing of buttons on panel, save panel costs and 
increase operator efficiency. 


The complete MICRO SWITCH line of pushbutton 
switches contains variations to meet almost any 
requirement. Additional information and appli- 
cation assistance are available from the 
MICRO SWITCH branch office near you. For more 
information on the above four types, send for 
Data Sheet 167. 


MICRO SWITCH... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


Honeywell 
MICRO SWITCH Precision Switches 
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concave surface for optimum finger control. HI 
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CONSIDER... 


Lockheed for telemetry 


Out of Lockheed creative engineering sessions such as this 
come advanced design and proven performance in the field 
of telemetry. Lockheed’s pioneer work on the X-17 project 
resulted in the first successful telemetering of vital data 
during re-entry. Research continues to provide even greater 
reliability of performance to meet present requirements. 


The Lockheed Electronics and Avionics Division 
(LEAD) is currently conducting research in Frequency 
Modulated and Pulse Modulated Systems for industrial and 
military needs. 

For proven reliability in telemetry components and 
systems, consider LEAD. 


Look to Lockheed for LEADership in Electronics 


LOCKHEED ELECTRONICS & AVIONICS DIVISION 


REQUIREMENTS EXIST FOR STAFF AND SUPERVISORY ENGINEERS 
6201 E. Randolph St., Los Angeles 22 








This Complete RBM 
Control Family 


is specially engineered for the 
air conditioning industry 


When RBM specially engineered its first air conditioning control, it 
quickly recognized the industry need for not just one... but 
for a complete family. So RBM has done the job. Now there is a single source 
for all magnetic air conditioning controls . . . each one meticulously 
engineered ¢ for its application. What’s your requirement? See RBM. 


ALL PRICED TO MEET vine C—30, 40, 50 AMP. 


2-3-4 pole 30 amp.—600 volts. 2-3-4 


THE NEEDS OF VOZ UME USERS pole 40 amp.—230 volts. 2 pole 50 


amp.—230 volts. Same mounting holes 
and coils for all ratings and pole forms. 


SERIES 128000 POTENTIAL 
STARTING RELAYS For starting single TYPE 80 CONTROLLER Specific 
phase capacitor start compressors. design for nominal 3 HP or 3-ton 
single phase compressors. 


GENERAL PURPOSE RELAY 98000 
Series AC or DC. Permits engineering short 
cuts lowering your “finished product’ cost. 


TYPE 75 Low cost power relay. SERIES 129000 SHUNT TYPE RELAY— 
Dependably handles up to 6000 W. at SPNO, SPNC or NO-NC For standard > 
240 V., resistive load per pole. Com- commercial voltages. Other coils available for TYPE S—30—40 AMP. Low 
pressor rating 2 poles, 18 amp, running, special application. For heater, fan con- cost. Small size. Exceed rigid require- 
90 amp. locked rotor at 250 volts. trol, general circuit switching, etc. ments of industry's largest users. 


dl A r Write for Bullet } A, | 010A, 1 1d C-10 
ci 


a) RBM Cénie Division 


ce ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 


lan: Leaded al Lo te t (TU Fela daliil-laleial-t-34-1amr- fale Ml @lelel-let-telel mma laloli- tar: 
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THE FIRST SMALL COMPUTER WITH 


BIG COMPUTER PERFORMANCE 


e ANALOG COMPUTING 


Program it for | . sigNAL GENERATION 


* DATA REDUCTION 


The Donner 3500 brings all the versatility of big general- 
purpose analog computers right to your desk or bench. 
And it’s practical for more than computing. 


Here’s Why: it’s small and portable (23 lbs); precise 
(0.1%); contains 10 amplifier channels; is reasonably 
priced ($1200-$1800) and convenient. By repatching, 
you can use it in the lab as a versatile signal generator, 
for data reduction or signal conditioning at test Sites, 
and as a general purpose computer in the classroom, field, 
or at your desk. 


As AComputer— Up to three 3500’s can be slaved together, 
giving big, 30 amplifier computer performance in a small 
package. Chopper stabilized amplifiers and 0.1% com- 
puting components assure high precision over full 100 
volt range. A complete line of accessories lets you solve 
non-linear equations or equations with non-constant co- 
efficients. For teaching, a single 3500 can be used simul- 
taneously by two groups of students without mutual 


interference. Two detachable problem boards, each con- 
trolling half the computer, replace the standard problem 
board for this purpose. 


As A Signal Generator—Re-programming the problem 
board converts the 3500 to a signal generator, simulta- 
neously forming sine, cosine, square and triangular wave- 
forms of high precision. You can also use the 3500 as a 
constant current or constant voltage power supply and a 
low frequency wave analyzer. 


For Data Reduction— The 3500’s amplifiers are easily pro- 
grammed at the problem board for signal conditioning 
or data reduction. By simply removing a few screws, the 
problem board tilts up for mounting the 3500 in the 
instrumentation rack. Remote control feature allows data 
to be controlled at the test site. 


Want More Information? Your nearby Donner engineering 
representative will be happy to give you complete infor- 
mation on the 3500 and arrange a demonstration. Or 
you may write Department 0812. 


DUTTH coer 


CONCORD, CALIFORNIA MUlberry 2-6161 
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With a 
PAC ee’ Computer you can 


TAKE A REACTOR 
“CRITICAL’’... 


simulate 
any dynamic problem! 

















New solid-state computer and desktop X-Y plotter. 
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By simulating the action of a nuclear reactor 

on a PACE Electronic Analog Computer, these 
engineers are building greater safety and efficiency 
into tomorrow’s larger, more complex systems. 
This ability to simulate machine and process 
performance on PACE Electronic Analog Computers 
is proving the key to better designs and lower 

costs in a variety of industries. 

Engineers gain new insight into equipment 
performance. Computers chart graphic pictures of 
temperature, pressure, speed or any other 

key factor. As operating conditions are changed 
from ideal to adverse, engineers can observe 

the reaction of each variable with complete safety. 
They can see when and why breakdown occurs. 


New designs can be tested to destruction while 

still on paper. As a result, “bugs” can be worked out 
before prototypes or pilots are built. Computers 
can be used to study operating equipment 

for improvement without interrupting normal 
production. All these advantages mean 

tremendous reductions in design costs and 
improved equipment performance. 


Electronic Associates, the world’s largest 
manufacturer of general purpose electronic analog 
computers, offers a complete line of analog 
computing equipment and accessories. And you'll 
be surprised to learn how easy this equipment 

is to operate. 








EAI operates three Computation Centers where, 
for a low rental rate, EAI analog specialists will aid 
you in finding solutions to your most complex 
problems. Write for Bulletin CC-821-K. 


If you would like information on how actual 
problems were solved with PACE Analog Computers, 
mention your field of interest and we’ll send 
appropriate literature. 


Outstanding career opportunities for engineers 
with proven ability — résumés invited. 


ELECTRONIC ASSOCIATES, INC. 
Long Branch, New Jersey 
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Will the Transistor Boom 
Static Switching? 


The transistor is pumping new life into the field of static switching. 
Proponents say the new components will erase the most frequently 
voiced objections to static switching: high cost and large size. One 
company, Square D, which was originally frigid on static switching 
devices, says it is readying the biggest promotion campaign in its history 
to market a new line of transistorized static control. General Electric’s 
Industry Control Dept. also is pushing transistorized static control, 
now sees a “virtually unlimited market” for them. 


Static switching has had a stormy history. Westinghouse’s Cypac Migh hopes fell 
system, which performs its circuit logic with magnetic amplifiers, is 
generally considered the first static switching system. General Electric 
soon followed with two systems: one was an all-magnetic amplifier sys- 
tem, the other was a combination of static units and relays. Magnetics, 
Inc. made available a switching reactor, which was a magnetic amplifier 
device that could perform many of the functions of static switching— 
AND, OR, NOR, and Memory—with a single unit. 

All three sellers started off with high hopes, which were soon dashed. 
At first the big market was thought to be in machine tool control where 
repetitive operations wore out relays. But three things killed off this 
boom before it ever started: 1) static control turned out to cost almost 
twice as much as conventional relay control; 2) relays, which the static 
units were to replace, improved spectacularly (at the time, a relay might 
perform 3,000,000 operations at best; today, new designs operate for 
10,000,000 in regular service); and 3) the bottom dropped out of the 
machine tool market in the recession of 1958. 


In 1959, sellers of magnetic amplifier static switching systems have '59 sales improve 
fared much better. ‘They’ve aimed their products at different markets, 
primarily steel, chemical processing, and materials handling. Static units 
have turned up in recently installed conveyor control systems, blast 
furnace controls, and annunciator systems. 

Now the big excitement centers on transistorized static control. Says 
an exuberant GE engineer, “The high speed of transistorized static 
switching allows us to do a tremendous number of things with a very 
small piece of hardware—and with no moving parts.” ‘Two approaches 
are being used: transistorized NOR circuits and static switching with 
conventional transistor circuits. 


At Square D, Vice President Mitchell Kartalia told CtE that although Square D’s plans 

the company’s production is just getting started, a widespread applica- 
tion plan is already in effect. A special field force has been trained to 
educate the company’s regular sales staff and to help with application 
problems. As for the market, Kartalia says, ““Transistorized static switch- 
ing will become a heavy factor on automatic processing lines, program- 
ming, and annunciator systems.” With a transistorized system capable 
of performing 2,500 operations per sec, Square D expects static switching 
to make substantial inroads into its sales of mechanical relays. 


At GE, application engineers are predicting wide acceptance for the QGE’s enthusiasm 
company’s Directo-Matic Systems (its new transistorized static control ) 
in automatic warehousing operations—because of transistorized units’ 
high speed of operation and ability to perform many functions; in hot 
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Another outstanding advance in potentiometer 
design by Clarostat imagineering ... 

Clarostat Series 55 Multi-Turn Precision Poten- 
tiometer exceeds all applicable MIL specifications. 
The new design permits up to 20% greater wind- 
ing length in a given 10-turn outside diameter. 
Maximum protection against environmental 
humidity, salt spray, shock and temperature 
extremes. 

Available in wide range of electrical and me- 
chanical characteristics. 
® Write for complete details. 


+ Since 
CLAROSTAT 


ed 


Minimum runout. Minimum end resistance. Minimum 
“noise.” Maximum stability. Maximum resolution. 
Servo and bushing mountings. Panel ball bearing. Oil- 
impregnated sleeve rear bearing. 

Center-tapped. Functional outputs obtainable by 
resistance-loading each side of center tap. 

Tap leads welded to resistance element. Any practical 
number available. 

Terminal leads also welded to resistance element. 
Gold-plated terminals. 


£ Flexible design readily modifiable to your requirements. 
2 


1921, Experienced Resistor Experts! 
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and cold strip mill controls—because of reliability and high speed; in 
paper, cement, mining, and chemical applications—because of its re- 
sistance to corrosive atmospheres; in missile launching, checkout, and in 
spection systems—because of the reliability and versatility. 


Another newcomer to the field is Cutler-Hammer, which, after an 
initial cold shoulder to static controls, produced its first systems with 
switching reactors made by Magnetics, Inc. Since C-H purchased Air- 
borne Instruments Laboratories, it has been combining its own know- 
how in industrial control with AIL’s experience in electronics. The 
result: transistorized static switching applied to a data accumulation 
system for an electrolytic tinning line. Cutler-Hammer, still not sure 
which way static switching will go, has established a combined group 
of C-H and AIL people to study and research various forms of switching. 

Allis-Chalmers is also watching the new interest in transistorized static 
switching. The company, which brought out a static relay for switch- 
gear, is not yet ready to enter the field, though the company’s belief in 
the future of static control is strengthening. For the present, A-C is 
using Magnetics, Inc. switching reactors in static contro] applications. 

Erie Resistor, a relative newcomer to the field, is now offering both 
transistorized NOR: static switching and static control with conven- 
tional transistor circuitry. 


Probably the biggest question still unanswered about transistorized 
static switching is will it ever be applied on a widespread basis to 
machine tool control? The answer seems to be eventually. Even at 
GE’s relay-oriented Specialty Control Dept., engineers say “transistor- 
ized static control for machine tools is coming, but we wouldn’t want 
to say when.” 

A little more positive evidence will be unveiled in 1960 when the 
National Machine Tool Builders Association holds its once-every-five 
year show. One control specialist from Milwaukee predicts “Most 
exhibitors at the National Machine Tool Show will exhibit control 
devices using static switches.” Indications are that Allen Bradley, one 
of the kingpins of the mechanical relay business, will offer some form of 
static control by show time. 


Not everybody, of course, is sold on transistorized static switching. 
Cne engineer pointed out some possible dangers. First off, he says, the 
transistorized circuitry is likely to be more complicated, might possibly 
prove too complex for machine tool design engineers as well as shop 
maintenance men. “Machine tool people”, he added, “object to having 
all those wires crammed together in a small space when as many as 20 
NOR units are wired up into a package. And what do you do if one 
of them burns out?—replace them all?” 

Westinghouse, the pioneer, agrees. It’s using transistorized NOR 
circuits in steel mill programmers which it is engineering. But the 
company claims the transistor NOR requires too complex engineering 
for most customers, has refused to sell its NOR logic as a component. 
Westinghouse is sticking with magnetic amplifier static switches, which 
the company says are finally selling very well. 


Cutier-Hammer’s 
indecision 


What about 
machine tools? 


Some caution 
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New modular design... 


makes £lectnoniX potentiometers 


easier to use and maintain 


Now, four great new features add new operating 
and servicing ease to all ElectroniK circular and strip 
chart potentiometers. 


® New servo and chart drive motors are sectionalized so 
that any major part can be replaced in two minutes. 


® A new constant voltage unit replaces batteries, stand- 
ard cells and standardizing mechanisms. 


© A new measuring circuit, with quick-change range 
spools, simplifies range changing and reduces stray 
pickup. 


® A quick-connect feature lets you remove the arylifier 
for service and replace it quickly. 


Now, modular design is combined with the traditional 
precision of ElectroniK potentiometers, to give you a 
greater value than ever in accurate, dependable 
measurement and control. 


For full details, cali your nearby Honeywell field 
engineer today. He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
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.»» High Speed Switches 


Philco’s full range of silicon high speed switching 
transistors, in both PNP and NPN types, provides 
the designer with a wide choice to meet the 
requirements of all high temperature applications. 
They are engineered and specified to permit simple, 
straightforward design of practical circuits up to 5 
mc pulse rates, using saturated configurations and 
up to 30 me pulse rates with non-saturating tech- 
niques. Packaged in TO-1, TO-5 and TO-9 cases. 


2N496 
2N1119 2N1199 
2N1429 


All types environmentally tested in accordance with MIL-T-I19500A . . 


critical military and industrial applications. For complete data and 


All Types Immediately Available 
in Production Quantities . . . and 
1-99 from your local Philco In- 
dustrial Semiconductor Distributor ® 


LANSDALE DIVISION * LANSDALE, PENNSYLVANIA 
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.». High Frequency Amplifiers 


Phileco amplifying transistors are available in nine 
types, covering the complete high frequency range. 
The designer will find both PNP and NPN types 
that permit the design of communications systems 
at frequencies up to 60 mc. They have low collector 
capacitance and are available with restricted beta 
ranges to simplify design problems. All offer excel- 
lent performance at junction temperatures up to 
+140°C. Packaged in TO-1, TO-5 and TO-9 cases. 


2N495 2N1267 2N1270 
2N1118 2N1268 2N1271 
2N1428 2N1269 2N1272 


. and have been thoroughly field-proven in countless 
application information, write Dept. CE-1259 


aoe me 
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You're in the Battle, Too 


In mid-summer the chief instrument engineer of a company that designs 
and constructs petroleum refineries observed that the most powerful deterrent 
to acceptance of improved automatic systems would be labor's footdragging. 
This represented a marked shift from economic justification, which bedeviled 
him in 1958-59, and the lack of management’s understanding of what automatic 
systems were capable, which slowed him in the earlier five years. Through 
necessity he had developed ability at teaching the ideas and benefits of 
instrumentation and control. Then he had become proficient in the economics 
of control. Would he now have to participate in labor questions? W asn’t 
it sufhcient that he could solve control problems, interpret their solutions, 
and translate them to dollar earnings? 

We recalled his observation when the Taft-Hartley injunction in the 
basic steel industry was taken to the courts. At that time a series of 
interviews with technical management people responsible for instrumentation 
and control in the basic steel industry confirmed his observation. After 
coming to within one cent per hour on wages, the industry-union dispute had 
concentrated on the real long-range issue—work rules. While they knew 
that the wording of the defunct steel contracts did “not prevent or inter- 
fere with adjustments that result from technological changes, changes in 
equipment, or manufacturing processes’,* the men interv iewed believed that 
technological improvements would become the critical factor in the work 
rules of new contracts. Their beliefs were founded on knowledge that steel 
management would apply every practical means of making its plants continuously 
produce uniform quality product just as automatically as possible. 

Your inclination is to leave the worrying entirely to a and the 
unions, to forget it when new steel contracts are written. Unfortunately, 
you can’t—for two good reasons. First, from “now through most of 1960, 
there will be a string of . . . bargains to be struck in steel, aluminum, 
railroads, canning, aocuolt. paper, machinery, and electrical products.” 
Many of these industries face an extra hurdle because their existing 
contracts are not as lenient toward technological changes as even the old 
steel contracts. Second, all of these industries plan increases in expendi- 
tures on instrumentation and control in 1960 (the increases over 1959 range 
from 5 to 15 percent). For you, siisticx employed by a user or a maker, to carry 
out the plans, the thorny bargaining issue over applying technological changes 
must be resolved. It is a vital question you should thoroughly understand. 
Once familiar with it, you will see that steel management, fighting the manage- 
ment battle for all industries, has also been fighting your battle. 


UE Vaunal 


* Business Week, October 24, 1959. 
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DIGITAL VOLTMETER, $825 


AUTOMATIC 
DC DIGITAL VOLT METER 
ORL ou 


vewurtr AP) pacxass 
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Automatic range and polarity selection. 
Just apply the probe 
and read voltage directly! 


® 405AR DC DIGITAL VOLTMETER is a completely new in- 
strument providing, literally, ‘“touch-and-read” voltage measure- 
ments between 1 and 1,000 volts. Range, even polarity, are auto- 
matically selected. Readout is in-line, in bright, steady numerals. 
New, novel circuitry provides a stability of readings virtually 
eliminating jitter in the last digit. This reduces operator fatigue 
and avoids uncertainty. 


Special features include a floating input, electronic analog-to- 
digital conversion, digital recorder output and front-panel ‘ ‘hold” 


second; or can be controlled externally by a 20 v positive pulse. 


BRIEF SPECIFICATIONS 
Range: ws to 999 v de; — 


ate subject to change without notice. Price f.o.b. factory. 


HEWLETT-PACKARD COMPANY 


5100H PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “HEWPACK" * DAVENPORT 5-4451 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 
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FIG. 1. First THOR squadron 
launches a missile during training 
at Vandenberg Air Force Base. 


How 
Thor 


LEWIS H. YOUNG 
Control Engineering 


In the operational THOR squadron, on guard 24 
hours a day against enemy attack, the key function of 
the men and ground support equipment is to keep the 
missile ready to go, to prevent malfunctions rather than 
correct them. To do this, the squadron has the use of 
several trailers loaded with automatic and semiautomatic 
checkout equipment, so much that almost 85 cents 
out of every dollar spent for THOR missiles buys 
ground support equipment. 

Four objectives sum up the philosophy behind the 
THOR operational alert: 

1. Minimize the number of people required to launch 
the missile and to maintain it. 

2. Reduce the time for launching to as close to zero 
as possible. 

3. Minimize the human error possible in the launch- 
ing system by replacing human operators with auto- 
matic sequencing equipment. At the same time, reduce 
the skill level required by the handful of launching 
and maintenance personnel. 

4. Systematize the launching and maintenance pro- 
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At tactical launch sites the same system of 
sequence timers that controls the countdown will 
exercise the IRBM on a regular schedule. The 


philosophy: prevent malfunctions rather than 
correct them. 


They Keep 
Operational 


cedure so that it can be followed easily by the troops. 

Under today’s battle order, a typical THOR squad- 
ron is armed with 15 ready-to-fire missiles which are 
organized into five positions, three launch emplacements 
to a position. The position becomes the elemental 
combat unit, just as a squad is the elemental unit in an 
infantry company and a flight in an Air Force squadron. 

With the deployment of missiles, new categories of 
equipment have worked their way into military jargon. 
There is heavy instrumentation and control at all three 
levels: squadron, position, and emplacement. Each 
squadron headquarters has a RIM building (receiving, 
inspection, and maintenance), two SCOTs (supplement- 
ary checkout trailer) and two MCOTs (missile checkout 
trailer). Each position commander has an LCT (launch 
control trailer), an MCOT, and its own power genera- 
tion and distribution system (no initials assigned). 
At each emplacement, the IRBM is surrounded by 
an EET (electrical equipment trailer), an HPT (hy- 
draulic-pneumatic trailer), and tanks of RP-I missile 
fuel and liquid oxygen. 

Because the THOR missile system is a sophisticated 
one, the checkout equipment is sophisticated too, with 
many different jobs to do. It has to perform electronic 





checkout, mechanical checkout, and hydraulic and 
pneumatic checkout. Some checks are made daily, some 
weekly, and others monthly. Still other parameters 
are monitored 24 hours a day. Some inspection tech- 
niques involye continuous monitoring at the launching 
pad; some exercise and countdown the missile at the 
emplacement; the rest perform systems trouble shooting 
and maintenance at the RIM building. 


Checkout and maintenance 


When a missile arrives at the squadron, its first 
stopping place is the RIM building where it is put 
through a complete checkout. Two trailers full of 
equipment, the MCOT and the SCOT, simulate the 
countdown procedure. With this simulation equip- 
ment, the missile goes through a countdown exactly as 
if it were on the pad, ready to be launched. Only 
fueling with actual propellants is omitted. 

The RIM building checkout is a demanding one. 
Equipment in the SCOT trailer checks all power sup- 
plies, simulates the pressures for checking the hydro- 
pneumatic systems. Equipment in the MCOT checks 
out all functions of the propulsion, guidance, and auto- 
pilot subsystems. If the missile passes all tests, it is 
assigned to an emplacement, attached to the launcher, 
and covered with a weather-proof shelter. 

Next step is another intensive inspection, this one 
conducted at the launching pad. The MCOT programs 
checkout of the rocket engine, the propellant transfer 
system, the guidance and control system, the hydraulic 
system, and the electrical system. At this inspection the 
missile goes through actual launching procedures, right 
up to, but short of, ignition of the engines. It is erected, 
fueled and its guidance and autopilot system aligned. 
When it passes this test, the missile joins the ranks of 
weapons in the ready condition. 


Focal point of the maintenance program then shifts 
to the launch control trailer. In the LCT one officer 
commands the three-missile position, and one enlisted 
specialist monitors each missile. Only two men are 
needed to actually launch a missile: the officer and this 
enlisted specialist. 

The LCT is manned 24 hours a day, and some vari- 
ables are monitored 24 hours a day. The temperature 
of the chamber in which the guidance system is located 
is maintained at a constant level; a simple auto- 
matic system supplies heating and cooling as conditions 
warrant. Other heaters keep the fluid in the floated 
gyros of the inertial guidance system (CtE, October 
"59, p. 85) at the proper viscosity. The heaters are 
monitored continuously; a warning light appears if they 
fail to operate. Temperatures of the propellant system 
manifolds are measured and recorded so that, if an alert 
is sounded, the fuel loading computer can compensate 
for temperature. In addition to these temperatures, 
one variable in the highly classified warhead is con- 
tinually watched. 

Missile readiness is more difficult to assure than air- 
craft or artillery readiness. At an operational position, 
the THOR is never fired except in anger. Even to make 
a training launch, the crew must journey to one of the 
U.S. missile test ranges. The Air Force will achieve 
readiness by putting the missile through its paces—short 
of actual firing—on a regular schedule. The procedure 
is called exercising. In the readiness program the actual 
countdown is followed; it is stopped at different stages 
and different times. For example, countdown, which 
is divided into five phases, might proceed through Phase 
I every day. It might be carried through some point 
in Phase III on a weekly basis. A complete count 
down, up to the ignition of the engines, might be car- 
ried out only once a month. The actual schedule will 


FIG, 2. View of operational launching site at Vandenberg Air Force Base. 
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vary at the discretion of the command. In addition, 

unscheduled countdowns are called unexpectedly to READY STATUS 

train the crews on a tactical basis as well as to serve 

as additional checks on the readiness of the missile. comtimvovs “oreo 
The checkout equipment for each subsystem was built POWER HEATERS 

by the contractor-supplier of that equipment. Prime 

contractor Douglas Aircraft then integrated the test gear. prene neon 

All the controls and the monitoring indications are in a ant. 

the LCT. Most of the actual circuitry for launching is 

contained in the electrical equipment trailer which stays 

close to the missile. MeATER 
At Douglas, a spokesman who supervised the integra- awe 

tion of much of THOR’s checkout equipment says the 

countdown is fully automatic if everything goes accord- tinea 

ing to schedule. He says, “It is like turning the key MEATERS 

on your car.” And that makes a good analogy; because 

the position officer turns a key to start the countdown 

procedure. omenene 
An interesting part of the safety precautions in the 

countdown revolves around a second key, which has 

been called by a variety of names: military men prefer un on 

the name “Peace-War Switch’. It is used because, as , 

already mentioned, a ‘THOR is never fired at an opera- 

tional base except in anger. The Peace-War Switch 

controls a circuit that prevents the inadvertent launch- 

ing of the THOR missile. Unless the key has been 

inserted and turned to the “War” position, the missile 

cannot be launched. 
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COUNT DOWN 
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° CONTINUOUS STATUS MONITOR 
Automatic countdown —— 





The countdown procedure is diagrammed starting 
this page and continuing on pages 92 and 93. Because @ @ 
THOR was the first long range missile to be operational atser out ener 
and its time schedule was extremely tight, Douglas pro- ‘ 
posed a time-sequenced, automatic system. One step 
in the countdown triggers another. Under such a design, @ @ qd 
of course, a step cannot proceed until the previous one NOSE CONE wese come 
has been completed successfully. Throughout the pro- — aininn ee 
cedure there are checkpoints based on time. If after 
it has started, the countdown has not progressed to a 
checkpoint by a limiting time, a hold is applied. Other FES eee 
circuits are designed so that if the countdown runs EMERGENCY BATTERY 
behind the slowest permissable schedule, it is auto- =— 
matically recycled back to an earlier point. If trouble 
develops, the countdown may be stopped at that point 
or the hold delayed until the phase has ended, depend- 
ing on the portion in which the malfunction occurs. 
During the countdown—which takes less than 15 
minutes from the time the key is turned until the 
engines are ignited (if need be)—the guidance system a a 
is programmed for flight, the shelter moved away, the nora 
missile erected and fueled, subsystems checked on exter- 
nal and internal power, and the missile launched. 
Inside the LCT, the officer and the enlisted specialists 
watch three panels: the launch control officers’ panel, 
the launch control panel, and the weapons subsystem 
panel. Heart of the countdown equipment is contained 
in two chassis in the electronic equipment trailer: one 
called the monitor system control chassis and the other, 
the power control system relay chassis. 
From the panels, the Air Force crew can tell at a 
glance the condition of each missile, what phase of 
countdown is in effect, whether the countdown is pro- 
ceeding normally or not. If there is a malfunction, a 
panel light indicates the subsystem in which the trouble 


(Text continued on page 94) 
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Phase 1 





Conducted on external power. It is primarily an electrical check, tests missile 

readiness to proceed in the countdown. Initiation of the phase starts missile’s 60 
cycle and 400 cycle power; turns on engine and guidance system air conditioning 

checks nose cone status; warms heaters in control electronics assembly (the auto 
pilot); starts inertial guidance alignment procedure; checks status of engine and 
propellant valves, and starts the propellant computer. Triangles indicate comple 
tion signals required to start phase Il eight are necessary 


Primarily a check of mechanical op 
erations. The shelter is moved, the 
missile raised to the vertical, and 
the engine slewed for centering. A 
manual hold can be applied if the 
shelter does not move or the mis 
sile does not rise. Completion of 
Slewing mitiates the next phase 





Phase 3 


Programs the start of propellant loading 
First liquid oxygen lines are filled, then 
fuel lines are filled. When rapid load 
valves oper, countdown moves into the 


next phase, which completes fueling 
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Continuation of propellant loading. Mis 
sile fuel tank is filled and liquid oxygen 
tanks carried to 95 percent of capacity 
Completion of fueling, after actual load is 
computed, starts the last phase 
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Phase 5 





Final check on interna 


power. In additi x 


loading is completed. If the authenticat ; y 


= ~ 
not on, countdown stops at the completion of oxy 

loading. If authenticating signal has been turned 

missile is pressurized, the engines ignited 1 THOR 


rockets off the launching pad 


28 Vic —— | —{t 


FIG, 3. 
Circuitry to start 


has occurred. On another panel, time of the countdown 
and how much time has pene in the particular phase 
underway is maintained. 

Most of the commands which start the different 
operations of the countdown are directed into the sys- 
tem from the power control system relay chassis by way 
of the control chassis of the subsystem to be checked 
out. Some commands move directly from one control 
chassis to the next. 

The first column of the countdown diagram (page 
91) lists the variables that are monitored continuously. 
The power generators may or may not be on at the 
start of the countdown. Normally they are supplying 
power, if not, they must be started. 

In most countdowns the first step consists of turn- 
ing the start key which turns on the 28-vde ground 
support equipment power. Phase I is an automatic 
check to determine that the weapon is ready to proceed 
in the countdown. It is performed on external power. 
Here is what happens: all wiring is checked for short 
circuits to see if it is ready to perform electrically; the 
engine is checked to see if it is ready for firing; the 
payload is examined to see if it is ready for flight; the 
guidance system is aligned and readied for flight; the pro- 
pellant transfer system is checked and set ready to per 
form. ‘The latter is unique in that it moves large quan 
tities of fuel and liquid oxygen very rapidly—without 
pumps. Pressure, supplied by gaseous nitrogen transfers 


all the propellants. 


Krom the chart, it can be seen that eight operations 
must signal completion to start Phase II. The second 
stage of the countdown is concerned with moving the 
shelter and raising the missile to the vertical. A THOR 
missile, on the alert, lies horizontally in its weather- 
proof shelter. After the missile moves to the vertical, 
the engine receives a slew command to center it. 

An indication that the shelter is entirely clear is 
necessary to complete the last phase of the countdown, 
but only the completion of the engine slew test is 
required to start Phase II. This part of the countdown 
starts the propellant transfer. 

Figure 3 describes in detail how propellant transfer 
is started. The system depends predominantly on relay 
circuitry. To start propellant transfer, three first-phase 
operations and one second-phase operation have to be 
completed. Alignment of the inertial guidance system. 


ist phase 


indication that nose cone has been prepared, and an 
external system check—all in the first phase—each closes 
a relay in a series circuit. Erection and locking the 
shelter—in the second phase—also close a relay in the 
circuit. Then a check of the fuel loading computer and 
the pressurization of the missile bottle close two more 
relays thus completing the circuit from the 28-volt sup- 
ply to the coil of another relay that operates an actuator 
to start propellant transfer. 

Fucling begins with a fine flow to fill the transfer 
line and provide an accurate base for loading. Simul- 
taneously, the system is checked for leaks. 

When both liquid oxygen and fuel lines are full and 
rapid flow valves ready to operate, Phase IV is started. 
During this, propellant transfer is completed. A com- 
puter determines the amount of fuel loaded—based on 
mission, temperature, and density of the fuel. Then 
the liquid oxygen tank is filled. As soon as the missile 
fuel tank has the computed load and liquid oxygen stops 
flowing, the last phase is started. 

In the last phase, many of the checks already per 
formed in Phase I are repeated, but on internal power. 
In addition, such questions as these are answered: Is 
the right amount of propellant aboard? Are mechanical 
activities completed (movement of the shelter and erec- 
tion of the launcher)? Are missile tanks properly pres- 
surized? Is the missile aimed correctly? 

Before the missile tanks are pressurized, all signals 
started earlier and carried over must be completed. 

Throughout the countdown, the automatic equip- 
ment incorporates time delays to allow problems to 
solve themselves if possible. If a valve is slow opening, 
for example, the countdown equipment waits a set 
period for correction before sounding an alert alarm. 

Kept in a ready state by continuous monitoring and 
regular exercise, the countdown should proceed without 
a hitch. But what happens if trouble develops? As soon 
as it does, the countdown is stopped. A light pinpoint- 
ing the subsystem causing the trouble glows red on the 
launch control panel. The launch control officer then 
has to decide whether the difficulty can be resolved by 
going back in the countdown, by doing something in 
the LCT, or by trouble shooting. 

If trouble shooting is called for, the MCOT programs 
an analysis to help locate the malfunction. Effort is 
directed at finding and replacing the black box causing 
the trouble. If necessary 
the missile is lowered and 
taken back to the RIM 
building. In the RIM build- 
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Technical hold 


berg Air Force Base, where 
the first Thor squadron is 
training, the chief cause of 
holds has been found to be 
external: human _ errors. 
Most frequent oversights are 
the failure to adjust a regu 
lator or the failure to insert 
an electrical _connecto1 
properly. Such deficiencies 
are expected to disappear as 
training progresses. 
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INSTRUMENT UNCERTAINTIES —Part I 


ls the Zero Output 
Really Zero? 


THE GIST: A serious problem confronting instrument users and makers is 
reaching a clear and mutual agreement on allowable instrument errors. 
Such an agreement requires defining three major types of instrument uncer- 
tainties, understanding how uncertainties result from environmental and 
design conditions, and specifying the magnitude of allowable errors and 
preferred test procedures. In this first of two articles, author Entin dis- 
cusses the general aspects of instrument uncertainties and then elaborates 
on one major type, uncertainties of zero. The second article will detail 
uncertainties of scale factor and instantaneous slope, which are related to 
specifying linearity, tolerance, excitation, and resolution. 


LEONARD P. ENTIN, Boston Division 
Minneapolis-Honeywell Regulator Co. 


Instrument accuracy requirements are usually ex- 
pressed by the permissible inaccuracies or, as they 
will be designated here, by instrument uncertain- 
ties. The successful creation of an uncertainty 
specification implies that: 

¢ the nominal, or ideal, performance characteristic 
is well established; 

e the nature and magnitude of all possible environ- 
mental and inherent design conditions which can 
cause departure from the nominal are known; 

ethe permissible magnitudes of the total (or in- 
dividually considered or specially combined) uncer- 
tainties which environmental and design conditions 
produce are well established. 

A situation which satisfies all these requirements is 
hypothetical. Quite frequently instrument specifica- 
tions must be written without knowing the actual 
conditions to which the device may be subjected. 
For example, gyros must be specified for aircraft 
which have not yet flown, so the best estimates of 
many conditions must initially suffice. What is im- 
portant, however, is a continual awareness of all 
potential sources of instrument uncertainty so as to 
prevent omission of some critical item or inclusion 
of an ambiguous one in a specification. 

The first step in creating an uncertainty specifica- 
tion is the designation of the nominal characteristic. 
The nominal can be defined as that output charac- 
teristic which the user knows will provide the best 
operation of his entire control system, without re- 
gard to the actual capabilities of the instrument be- 
ing specified. The heavy line in Figure 1] represents 
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the nominal static output characteristic for a linear 
instrument. The characteristic has the following 
properties: 

* it passes through the zero input-output point; 

* it is perfectly symmetrical about the origin; 

¢ it is a straight line with slope Es/W most favor- 
able to the user; 

ethe instantaneous slope at any point equals the 
average slope, and there are no discontinuities; 

eat any given input, irrespective of direction (in- 
creasing or decreasing) from which the input is 
approached, there is a single, unambiguous, repeat- 
able output; 

efor dc instruments the line represents the de 
output, for ac instruments only the fundamental in- 
phase Es component is under consideration. 

Once the nominal characteristic is established, the 
next step is to determine the permissible departures, 
the uncertainties, from the nominal. Uncertainties 
fall into three major categories, such as demonstrated 


FIG. 1. The ideal input-output characteristic of a linear instru 
ment. Even a straight line like this has important properties 
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FIG. 2. Typical input-output characteristic, showing 
uncertainties of zero, scale factor, and instantaneous slope. 


by the instantaneous static output characteristic 
an ac rate gyro might exhibit, Figure 2. 

Uncertainty of zero—at zero input, the output is 
not zero. This specification establishes the points 0 
and 0’ within which the output must fall with 
zero input, as shown in Figure 3A. 

Uncertainty of scale factor—a straight line (aver 
age slope) drawn through the zero output point and 
any point on the actual output curve differs from 
nominal, Figure 2. This specification establishes the 
limiting overall bounds, using the zero uncertainty 
as a base value, within which the output must fall 
at any input level. Within the broad limits imposed 
by zero and scale factor uncertainties, a linearity 
specification establishes the width of a narrower band 
which can be randomly placed as far as zero and slope 
are concerned but which restricts the output to ad- 
herence to a relatively straight line. Either inner 
band in Figure 3C is an acceptable output band. 

Uncertainty of instantaneous slope—a_ tangent 
drawn to the output curve (Figure 2) at any point 
may differ in slope both from nominal and average 
slopes. This instantaneous slope specification estab- 
lishes, within the relatively narrow linearity band, an 
even stricter limitation governing the output’s step- 
wise characteristic, Figure 3D. Specifically, it limits 
the input increment which is required to produce an 
arbitrarily defined output increment. Such an uncer 
tainty is related to instrument resolution. 

The balance of this article details the specification, 
origins, and testing of instrument zero uncertainties. 
A subsequent article will examine uncertainties of 
scale factor and instantaneous slope. 


UNCERTAINTY OF ZERO 


Ideally, an instrument’s output is zero in the ab- 
sence of an input. Practically, a number of factors 
combine to produce some null output. The null out- 
put components for an ac signal may be classified as: 
fundamental in-phase (real), quadrature, harmonics, 
and noise. The ideal null signal contains a zero in- 
phase component; the other components need not 
equal zero, but must not exceed values specified by 
the user. For practical reasons the specification of 
zero uncertainty must concern itself with the in- 
phase component only, with particular care taken 
to specify the method by which this component is 
measured and to specify the limiting values of the 


FIG. 3. The allowable deviations from nominal 
are limited by the major types of uncertainties 
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other signal components. All specifications concerned 
with zero uncertainty refer, then, to variations in the 
fundamental in-phase component only—or to dc out- 
put if the instrument is a de device. 

In complex electromechanical instruments, and 
even simple ones, many internal and external factors 
cause zero uncertainty. Some factors are theoretically 
unavoidable; others are unavoidable for practical rea- 
sons. Among these factors are manufacturing mis- 
alignment, ambient temperature variations, hystere- 
sis, input from a theoretically nonsensitive direction 
(perhaps due to misalignment), linear and angular 
acceleration, linear and angular vibration, and shock. 
The first three—misalignment, temperature variation, 
and hysteresis—occur in most instruments and will 
be typified in detail by reference to how these errors 
arise in an ac rate gyro. It is recognized, however, 
that a complex instrument like a gyro is subject to 
zero uncertainties from all the factors named. 


Manufacturing misalignment 


As assembled, practically all transducers like rate 
gyros require fine adjustment of the in-phase com- 
ponent (of the signal voltage from the gyro’s pickoff, 
the angular variable differential transformer) to ap- 
proximately zero. This is due to misalignment or 
noncoincidence of the mechanical and electrical 
nulls: Most gyros, as shipped to the user, have fac- 
tory sealed adjustments. Due to inaccurate factory 
settings or to effects of aging and handling, the in- 
stalled gyro may conceivably have an appreciable 


residual null signal. The importance of this effect 
depends on the user’s circuitry. If the residual null 
can be washed out by a circuit adjustment, then the 
user may simply specify that the in-phase component 
as shipped does not exceed the range of his adjust- 
ment. Otherwise, the user may require that this null 
be within very small limits. 


Ambient temperature variations 

The effects of wide temperature variations on in- 
struments like unheated rate gyros can be an impor- 
tant source of zero uncertainty. The complex distri- 
bution of thermal stresses affects such sensitive ele- 
ments as differential transformers and restraining 
springs to the extent that in-phase fluctuations result 
from ambient variations. To test the thermal null 
stability it is first necessary to make the instrument 
operate at the reference conditions from which devia- 
tions are to be measured. 

User specifications should include as much data as 
possible about ambient temperature and all antic- 
ipated installation conditions affecting dissipation of 
internally generated heat. What is of ultimate im- 
portance is that the instrument be subjected to the 
same thermal environment during test as during 
actual operation. 

The way the user specifies the environment will 
largely determine the test procedures, equipment, 
and instrumentation. The temperature chamber 
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should be large enough to prevent the instrument's 
own dissipated heat from affecting the artificial en- 
vironment, except where this effect may occur in ac- 
tual use and is to be reproduced during test. Tem- 
perature measuring instruments should be properly 
located to monitor conditions adjacent to and right 
on the instrument case. The instrument should be 
mounted with isolation from externally induced 
vibrations such as sometimes caused by test cham- 
ber fans, which may cause spurious null fluctuations. 

The chamber capacity should permit those rapid 
temperature changes (possibly temperature shock) 
the user might require. Since operation at high 
altitudes generally results in much higher internal 
gyro temperature rises than at sea level, the most 
severe high temperature test should be performed 
at simulated high altitude. If the expensive equip- 
ment required for this test is not available, then 
frequently an adequate compromise is to compute 
or even test the difference between the case tem- 
perature rise at sea level and at altitude. Then the 
zero uncertainty test can be performed at sea level, 
but with the top ambient temperature raised above 
normal to compensate. The final criterion is to 
reproduce the correct instrument case temperature, 
both for high temperature at high altitude and for 
low temperature at sea level conditions so as to 
simulate the true environment. 


Hysteresis 


Mechanical hysteresis prevents the output at null 
from always repeating exactly. Hysteresis is broadly 
associated with the concepts of threshold and reso- 
lution in the sense that the amount of hysteresis 
present is considered indicative of the instrument's 
ability to discern small input increments. There are 
two principal sources of hysteresis present to varying 
degrees: solid friction and bearing friction. 

Solid friction—internal molecular friction in me- 
chanical restraints (say, a spring) prevents relaxa- 
tion of the member to its original position after 
removal of a torque or force. Hysteresis due to solid 
friction is shown in Figure 4A. Here point A repre- 
sents the zero output at zero input. Increase of 
input magnitude, and therefore increase of spring 
torque and stress, to point B is characterized by the 
approximately linear input-output relation. When 
the input is reduced to zero again, the output falls 
back to C, since solid friction prevents the complete 
return. Reversal of the input direction to point D, 
followed by reduction to zero and increase again to 
B, completes the cycle. Hysteresis is defined in 
input terms as AF or, as (AF/AG) 100 percent 
of full scale. It can also be defined in output terms 
as (AC/AH) x 100 percent. 

Bearing friction—bearings impose relatively con- 
stant friction torque, which is fairly repeatable under 
given environmental conditions. Hysteresis due to 
bearing friction is shown in Figure 4B. 

Note the very essential distinction between hys- 





teresis due to solid friction and that due to bearing 
friction. In Figure 4B it is necessary to apply an 
input AA’ to overcome the constant friction level 
before the output signal will be observed, while for 
the solid friction of Figure 4A an input increment 
is always accompanied by an output increment. 
Note also that reducing the input excursion reduces 
the magnitude of the observed hysteresis for solid 
friction, but with bearing friction the observed hys- 
teresis remains unchanged since it is directly pro- 
portional to the bearing friction level. 

It is usually necessary to specify hysteresis as a 
separate uncertainty item because, as will be shown 
in the succeeding article, an instrument with good 
resolution, as in Figure 4A, will not necessarily also 
exhibit a low hysteresis level. 

With both solid and bearing friction present, a test 
loop for specifying hysteresis might appear as in 
Figure 4C. Hysteresis is best specified by describ- 
ing the test procedure. 

e Under stated environmental conditions establish 
output at zero input. 


FIG. 4. Hysteresis contributes significantly to zero uncertainty. 
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¢ Slowly and smoothly increase the input in one 
direction (CW) to full scale; maintain full scale for 
some specified time interval; then slowly and 
smoothly decrease input to zero. 

* Observe the output at this point (point C). 

¢ Increase input to full scale in the opposite 
(CCW) direction; hold; decrease to zero. 

¢ Observe output at this point (point C’). 

¢ Compute hysteresis: 
_H: X 100 
2 X full seale 
Performance of the test cycle over the full operating 
range of the instrument insures that the solid friction 
effect will not escape observation. Control of time 
during the hysteresis test is essential in order that 
creep or recovery effects do not mask the true 
hysteresis effect. The apparent hysteresis will, for 
certain spring materials, show a marked dependence 
on the length of time the maximum stress is main- 
tained and on the rapidity with which output is read 
after removal of stress. 


a Total hysteresis 


ree t 
Total spread percen 


Total zero uncertainty 


Each effect contributes to some measurable out- 
put signal despite the absence of an input. The user 
must accomplish three things when he writes the 
zero uncertainty portion of the instrument speci- 
fication. 

1. He must specify the maximum total zero un- 
certainty which all the combined individual sources 
can produce. Suppose, for example, that the various 
maximum uncertainties which each of the sources 
can contribute are designated as A, B, C, . . ., etc. 
Now there is only a remote possibility that at some 
instant all uncertainties will be at their maximum 
values and, furthermore, will be adding in the same 
direction to produce a total zero uncertainty of 
A+B+C+ . etc. Practically speaking, the 
magnitudes and directions of the uncertainties are 
reasonably random unrelated functions, giving jus- 
tification for adding them statistically rather than 
arithmetically. The total zero uncertainty Uz can be 
designate. on the basis of probability theory as 

Uz = (A? +B?+C?+... 
In other words, practically all of the time (perhaps 
95 percent) the total uncertainty is less than the 
square root of the sum of the squares of the indi- 
vidually tested or computed uncertainties. 

2. He must specify the maximum permissible 
magnitude of each individual uncertainty having 
particular significance. For example, in a rate gyro 
maximum uncertainties due to hysteresis and angular 
velocity are often individually specified. 

3. He must list all uncertainty sources to be in- 
cluded in the total zero uncertainty Uz, although he 
will, as noted above, specify the individual uncer- 
tainty contributions of some of them. This permits 
the manufacturer some flexibility in controlling 
the individual values, provided that the statistical 
sum does not exceed the permissible maximum. 
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Steel Opens 
Three Doors to 
Automatic 


Data Processing 
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General Electric Co. Slabbing mill reduces ingot to 


FIG. | P 


thickness of 2 to 7 in. in several passes 


The steel industry’s sudden drive to put automatic data processing equipment to 
work on the mill floor stems from three motives. First of these is the need to 
mechanize the great amount of information handling associated with each order 
as it progresses from ore to final product. Second is the desire to learn more about 
process dynamics by massive, high speed collection and analysis of test data. Finally, 
there is interest in the product improvement and operating economies made possible. 


While the term “steel making” may seem to refer 
to a specific, homogeneous production effort, it 
actually covers a wide range of vastly different 
processes and operations, each of which is a separate 
entity, complete within itself. This diversity is com- 
pounded by the fact that the individual processes are 
batch type, wherein each order or heat is probably 
of a different metallurgical specification, receives dif- 
ferent treatment at each stage in the finishing proc- 
ess, and is then delivered to meet a particular need of 
a particular customer. Because each process operates 
as a separate unit, and because each batch of mate- 
rial going through that process is earmarked for a 
specific purpose, steelmakers must interchange an 
enormous amount of information—from the incom- 
ing orders through the scheduling of a heat on the 
open hearth and down to final finishing and delivery. 

Its ability to mechanize this information handling 
alone should make automatic data processing equip- 
ment attractive to the steel industry. In addition, 
automatic data processors make feasible the analysis 
of existing processes to pave the way for successful 
applications of more sophisticated control and meas- 
uring equipment. In the past, individual processes 
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have been subjected to considerable study aimed to 
ward upgrading their level of automaticity and 
achieving more efficient operation. However, these 
efforts have been handicapped by the difficulty of 
obtaining adequate knowledge of process dynamics— 
a difficulty caused partly by the lack of the necessary 
measuring instruments and transducers, and partly 
by the unavailability of means for automatically 
analyzing and handling large volumes of data. 
Although digital computers and business data 
processing equipment are being used in many steel 
mill offices, few applications of production-type data 
handling equipment have been made. It might ap 
pear that the industry is approaching this new tech 
nology with undue caution, especially in view of the 
incentives outlined above. This reluctance can be 
attributed to several reasons which are undoubtedly 
common to many other industries as well, although 
perhaps not so critical as in the steel industry. In the 
first place, the steel-mill environment is one of the 
worst to which electronic apparatus can be exposed. 
In fact, for many years there have been two standards 
of industria] electrical apparatus: one is for general 
purpose and the other for heavy industry or steel mill 





equipment. Steel mill relays and contactors are over 
size and overrated; much attention is paid to ex- 
treme reliability and long life. Enclosures for control 
equipment are made exceptionally rugged to with- 
stand rough handling in installation and operation. 
All steel mill processes are around-the-clock opera 
tions with a scheduled down time of eight hours per 
week, maximum. Thus, apparatus that may require 
more than this amount of scheduled down time has 
only limited appeal. The financial loss from acci 
dental or unscheduled down time is so great that 
equipment must be designed for the highest relia 
bility; marginal equipment must be limited. 
Another problem in the application of data proc 
essing equipment to steel mills is the lack of a com- 
plete line of transducers and instruments to extract 
and record the essential data. The transducers that 
do exist are intended more for use by laboratory tech- 
nicians than by mill personnel. Such transducers 
would have a limited life if applied in a mill. And 
for many process variables, transducers for direct 
measurement are not available at all. ‘Thus, applica- 
tion of complex control equipment must in some 
cases await the development of suitable transducers. 


Flat rolled products 


A better understanding of the opportunities, as 
well as the problems, associated with the application 
of data processing can be gained with a brief exam- 
ination of the principal processes involved in making 
one type of steel, electrolytic tinplate. This is a low 
carbon steel] strip plated on both sides with an ex- 
tremely thin layer of tin. The procedure begins with 
the open hearth furnace, in which iron is made into 
steel. In the open hearth process, which accounts for 
approximately 89 percent of the steel produced to- 
day, molten pig iron from the blast furnace is com- 
bined with steel scrap, limestone, ore, and other ma 
terials. The total charge is melted and then refined 
by an oxidation process, which is carefully controlled 
to yield steel of the desired conaposition. The finish- 
ing temperature of the molten bath is about 3,000 
deg F and varies according to the grade of steel 
specified. When the furnace is tapped, the steel flows 
into a ladle where alloying elements such as chrom- 
ium, manganese, aluminum, boron, titanium, van- 
adium, and zirconium are added to bring the steel 
to the correct alloy specification. Next, a crane trans- 
ports the ladle to the ingot-pouring or teeming 
track, which has a series of molds prepared to receive 
the molten steel. After poyring, the ingot cools until 
the outer portion has solidified sufficiently to allow 
stripping or removing the mold. Before it can be 
rolled or processed further, the ingot must reach a 
uniform temperature throughout. This is done by 
placing the ingot in a large furnace known as a 
soaking pit. Here the extremely hot or even still 
molten center cools while the exterior is reheated. 

The mechanical treatment of the steel, from ingot 
to the final product, is divided into the main cate- 


gories of hot and cold working. ‘he exact processing 
routine varies over a wide range, depending on what 
the final product shape is to be. For sheet or strip 
products, the slabbing mill, Figure 1, reduces the 
ingot to a slab ranging from 2 to 7 in. in thickness 
and from 12 to 64 in. in width. The slab is iun 
through the mill several times, with a reduction 
being made in each pass. Next the ragged front and 
tail ends are removed by a large crop shear and the 
slab is cut to the required length—usually 5 to 20 ft. 
In some mills the slabs continue directly on to the 
succession of passes in a reversing mill or several 
separated nonreversing mills, then in a tandem finish- 
ing mill. More commonly, however, the slab is al- 
lowed to cool to allow for manual inspection and 
conditioning of the slab surface; surface defects can 
be cut or burned out here. After conditioning, the 
slab enters a reheat furnace to prepare it for the hot 
strip mill, which normally consists of a tandem ar- 
rangement of six individual roll stands about 20 ft 
apart, each having its own individual drive motors 
and control. As slab thickness is reduced progres- 
sively, the roll speed for each succeeding stand is 
increased to accommodate a longer length of metal. 
In addition to accurate data on speed control require- 
ments, the information given for the hot-strip-mill 
stage usually includes a minimum temperature for 
strip emerging from the last stand as well as a 
maximum temperature for strip entering the coilers. 
After descaling in a pickling line, the strip pro 
gresses to the cold strip mill, which for tinplate is 
usually a 5-stand tandem unit. The purposes of cold 
rolling are to reduce the thickness to the final prod- 
uct size, to produce a smooth, dense surface, and to 
develop the desired mechanical or grain structure 
properties. The thickness of tinplate ranges between 
0.006 and 0.015 in. After passing through an anneal- 
ing stage and a temper mill (where a small reduc- 
tion is taken to establish the desired steel temper), 
the steel strip is ready for the final process of tinning. 
Most tinplate is produced on continuous electro 
lytic lines where the entering coils are welded to- 
gether to form a continuous strip. In the electrolytic 
process, bars of pure tin form one electrode, and 
the steel strip forms the other. The amount of tin 
deposited is controlled by means of the plating cur- 
rent; it is possible to have coatings of different 
weights on the top and bottom of the strip. The cus- 
tomer’s requirements determine the coating thick- 
ness, which ranges from 6 to 60 microin. At the deliv- 
ery end of the line, the tinplate is cut to the desired 
sheet length or recoiled in 10-30,000-ft. lengths. 
While necessarily brief, this description should 
provide a clue to the complexities of steel making. 
Several vital links in the chain of processes were 
omitted; for example, no mention was made of the 
blast furnace operation in which iron ore is reduced 
to liquid nor of the coke ovens for burning off the 
impurities in coal. And it must be remembered that 
the discussion was limited to tinplate. Equally 
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lengthy routines could be written for hundreds of 
other forms of basic steel products. 


Place for data processing 


How does data processing and data logging fit into 
this complex steel business? Probably the easiest way 
to answer this is to examine some specific operations 
in detail. Charging an open-hearth furnace, for ex- 
ample, presents two problems that can be solved only 
after a certain amount of computation. The first 
requirement is to determine the proper proportions 
of incoming materials needed to meet the specifica- 
tions laid down for the final product. This deter- 
mination is complicated by the fact that the exact 
nature of the pig iron from the blast furnace changes 
constantly because of variations in the grades of ore, 
even when all of the ore comes from the same mine 
field. Pig iron contains large and fluctuating amounts 
of the element phosphorous. In the open hearth the 
phosphorous is combined with limestone to form the 
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FIG. 3. Block diagram of 
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equipment used on tandem mill 


slag that floats on the top of the steel bath. The 
amount of phosphorous in the pig iron partially de- 
termines the weight of limestone to be added. The 
limestone tonnage is dependent further on the 
amounts of silicon and sulphur in the total charge, 
as well as on the percentage of lime actually in the 
limestone. Limestone may contain other impurities 
requiring additives for counteraction. And there may 
be several grades of limestone, having different lime 
concentrations and different impurities. 

The ratio of the weight of scrap to the weight of 
liquid or solid pig iron used in a charge is based 
largely on economic considerations, such as the 
availability of pig iron from the blast furnaces, the 
price of commercial scrap, and the supply of scrap 
produced as a byproduct in the mill operations. An- 
other consideration affecting the batch proportions 
stems from the fact that iron ore serves not only as a 
source of iron but as an oxidizing agent as well. 
Thus, ore must be used in sufficient quantities to 
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make up the difference between the oxygen available 
from all other sources and that needed. 

It should be evident from this quick rundown of 
the major variables that calculation of the exact 
charging “recipe” is an extremely complicated pro- 
cedure; each constituent in the mix affects the qual- 
ity of the final product, and the amount of any one 
element used is complexly related to the economic 
and metallurgical aspects of all the other elements. 
Proper operation of the open hearth furnace is 
further complicated by the fact that several different 
firing cycles can be followed for the same output. 

The programming of the charging process could 
be speeded greatly by a data processing and comput- 
ing system with the ability to calculate the optimum 
combination of charging materials. The equipment 
would require inputs (either automatic or manual) 
providing information on raw material composition. 
The computer program would be written from data 
combining theoretical chemistry with the practical 
experience of the “first melter”. Given the final steel 
specification, the computer would advise on the op- 
timum amounts of each of the raw materials, the 
firing routine, the time in the cycle at which liquid 
iron ore is to be added, and many other guides. 
Data logging 

The foregoing leads logically to the second oper- 
ating area where data processing can be of help. Be- 
cause the environment of an open hearth shop that 
feeds about 10 or 12 furnaces is an extremely busy 
one, it is difficult under present practices for the op- 
erators to keep an accurate record of the materials 
charged. A much finer check on operating practice 
is needed if the benefits of optimizing charging 
equipment are to be fully realized. This finer check 
can be made by means of an automatic data logging 
system tieing together the operations of the charg- 
ing floor with those in the bulk materials handling 
areas. After the optimum material weights had been 
determined by the computer, the data logger would 
take over to maintain an accurate record of the ma- 
terials actually charged and to insure that the recom- 
mended program is being followed. 

The concept of automatic data processing repre- 
sents a major step in open hearth operations that 
will not be taken hastily. At present the operators 
rely heavily on “good judgment” to solve the peculiar 
problems that arise. This good judgment is hard to 
reduce to formula; and it is even more difficult to 
measure the phenomena by which the operators 
detect that a problem existed in the first place. Yet, 
any equipment that does not include a large per- 
centage of the operators’ good judgment and inherent 

gaging abilities will be of little use. And there must 
be no doubt about system reliability. 

Work is progressing at a rapid rate, but no “crash” 
programs are expected. Each change must prove in 
advance that it will pay its own way. Competition is 
keen among the steel companies—so keen that many 
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new control concepts are first tried and applied here. 
But major shop modifications or some forced down 
time can wipe out anticipated savings quickly. 


Strip mills 


The tandem cold reduction mill is one area in the 
steel mill where data processing equipment has al- 
ready been applied. Here, the important product 
parameter is final strip thickness. A recently supplied 
system, Figure 2, was to include an automatic gage 
control system that logged data only for process 
evaluation and to help during the initial adjustment 
period. However, it was soon realized that the gage 
control could supply data for accounting and quality 
control purposes as well. The automatic gage control 
equipment includes X-ray gages for the strip thick- 
ness out of Stands 1 and 4. The gages are auto- 
matically preset to the desired product thickness. 

Figure 3 shows a block diagram for the system. 
A punched card prepared in the production office ac- 
companies each coil to the rolling mill. When the 
coil is started through the mill, the card is inserted 
into a card reader and the two X-ray gages are set 
automatically to the proper nominal thickness and 
the proper tolerance band. In addition, the tension 
limit setting for the gage control system is adjusted 
for the particular product. Other data on the pro- 
gramming card is for coil identification and includes 
coil number, customer number, and order numbet. 

A measuring roll rides on the strip and drives a 
tachometer system that delivers one pulse for each 
10 ft of strip. A pulse counter indicates the length 
of the coil that has passed through the mill. When- 
ever the strip thickness moves out of tolerance, a 
signal is sent to the paper-tape punch I, which records 
the length from the lead end of the coil in binary- 
decimal code. When the gage signals a return to 
tolerance, the length is again punched on the tape. 

Tape I is used primarily for buffer storage and ret- 
ords fixed data first, followed by the production data. 
The coil weight must also be added to the record, 
but this data is not available for several minutes after 
the coil has left the mill. Because it is possible for 
several coils to be in transit between the windup reel 
and the weight scales, the tape must store data previ- 
ously recorded for each of these coils until its weight 
reading is taken. After this is done, tape I advances 
to the tape reader where all the punched data is read 
out. The final production report is prepared on an 
electric typewriter and, simultaneously, a new paper 
tape is made to provide a permanent record of the 
production run. Now paper tape I, which has served 
its function, is scrapped. Tape II is available for any 
subsequent handling of the data, such as for payroll 
calculations. For the latter, the punched tape is trans- 
ported to the accounting department at the com- 
pletion of each shift. A tape-to-card punch makes up 
punched cards containing the pertinent data. 

A digital clock mounted on the operator's console 
supplies time signals for both the start and finish of 





a coil. It also provides the time reference needed for 
recording the occurrence of abnormal conditions 
such as a mill shutdown. In the event of the latter, 
both shutdown and restart times are recorded as 
well as a code number identifying the reason for 
delay. Although the data processor is a relay and 
stepping switch system, it is fast enough to control 
the relatively slow mill speeds. The equipment is 
placed in an adjacent air-conditioned room. 
Electrolytic tinning lines 

Within the last two years, the can companies have 
begun purchasing tinplate in coil form. Previously 
the steel companies sheared the tinplate into small 
sheets, which were inspected and graded before 
shipping. The new practice created the need for an 
automatic inspection system plus a data processing 
system to correlate the information from all the 
gages into one consolidated report. The report is 
shipped along with the coil to guide the user. 

A sketch of the inspection station on the delivery 
end of an electrolytic tinning line is shown in Figure 
4. The system features a footage pulser, which con- 
sists of a hardened, accurately machined wheel rid- 
ing on the strip and a pulse tachometer. This com- 
bination supplies one pulse per foot of tinplate and 
the total number of pulses between successive shear 
pulses corresponds to coil length. 

Oné channel with a counter and a gating circuit is 
provided for each of the inspection gages to record 
the lengths of various types of defects, Figure 5. 
When an inspection gage notes a defect in a par 
ticular channel, a signal is sent to a gate, admitting 
the footage pulses into the corresponding counter. At 
the same time, the equipment automatically makes a 
decision regarding the quality of the strip. Strip hav- 
ing no defects is classed as prime strip; the length 
of such strip is measured by gating the footage pulses 
to the prime counter. Defects relating to the tin 
coating are defined as mender quality and are re- 
corded by the mender counter. Mender defects in- 
clude excessive deviations in top or bottom coating 
thickness, the presence of matte or unmelted coat- 
ing, and one class of visual imperfections. Defects 
in the base metal are counted in the waste-waste 
counter and embrace off-gage strip thickness, pin- 
holes, and the second class of visual flaws. 

Because the gages are physically displaced from 
one another, signals that are generated simultane- 
ously by two different gages do not refer to the same 
foot of tinplate. To bring the signals from all gages 
into space correspondence, it is necessary to delay the 
information received from the first gages for a par- 
ticular section of strip until the last gage has scanned 
the section. This is accomplished by means of tran- 
sistorized shift registers which store the data from 
each gage. The individual registers are set to read 
out the stored information after the number of pulses 
that correspond to its distance from the reference 
point has been received. In addition to the data col- 


lected automatically from the inspection gages, cer- 
tain coil identification information is inserted man- 
ually by means of industrial-type selector switches. A 
digital electric clock supplies time information. 

After a coil is completed, the tinplate is removed 
from the reel, placed on a scale, and its weight re- 
corded. The data in all counters is then transferred 
to transistor buffer storage units and the counters 
reset for the next coil. Next, hermetically sealed 
stepping switches move the data from buffer storage 
to an electric typewriter and card punch. The com- 
pleted record also documents shutdowns, including 
stop time, restart time, elapsed time, and cause. 

The functions performed by this equipment are 
similar to those of the tandem cold mill data system. 
The higher operating speeds, though, make it neces- 
sary to use electronic components rather than relays. 
The circuitry for all stages is completely transistor- 
ized and mounted on printed wiring plug-in boards. 


Design criteria 


Full scale data processing can be properly applied 
only after a complete investigation into system re- 
quirements. Most of the existing mill operations are 
based upon manual control, manual data transfer, 
and human decision making. Many times an auto- 
matic system is badly hampered from the start if it is 
designed to closely follow the manual patterns that 
preceded it. However, it is necessary that existing 
methods of operation be given careful consideration. 
In planning the new control system, all abnormal 
conditions must be recognized, and their specific 
remedies spelled out in detail. It is necessary also to 
take into account system reliability and the effects of 
system failures. This aspect has been helped some- 
what by the earlier application of certain types of 
advanced controls to individual processes. Thus 
some components that are new to the steel mills 
have already proven themselves. As operators become 
familiar with simpler systems, the possibilities and re- 
quirements of larger systems become clear. 

Steel mill operators have already recognized the 
benefits to be gained through the automatic collec- 
tion of data for use by various operating depart- 
ments, such as accounting and quality control. They 
know too that a first step toward automatic control 
of processes is statistical correlation of operating 
parameters for optimum performance. 

The present systems are mostly tailored for appli- 
cation to one specific process, or at most several 
closely related process. Hence these systems have 
been difficult to justify economically; the gains may 
ngt be large enough to warrant the expense. The 
biggest gains will be achieved when it is possible to 
have a large scale system engineered to include all 
the steel processes. Such a system would coordinate 
all record and accounting functions with the produc- 
tion operations. While there are many obstacles that 
will cause the steel mills to proceed cautiously, the 
significant fact is that they are proceeding. 
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Special Amplifier 
Aids Fiutter Testing 


JOHN C. CARPENTER 
Radioplane Div., Northrop Corp. 


One phase of modern airframe flight testing in- 
volves an investigation of flutter in control and other 
flight surfaces. Flutter is a mechanical oscillation that 
occurs in flight structures having characteristics similar 
to a spring-mass-dashpot system with a natural fre- 
quency, a damping ratio, and a single degree of freedom. 
Flutter is not limited to the characteristics of a second 
order system; order may be any higher than first. 

Cause of flutter is assumed to be a high amplitude 
short duration, impulse signal which contains the 
entire frequency spectrum. The purpose of flutter 
testing is to determine whether a particular surface, 
subjected to such an input, will oscillate, and if so, 
whether the oscillation amplitude decays in time, re- 
mains constant, or becomes dangerously high. 


Instrumentation 


Figure 1 shows a system designed to evaluate the 
flutter characteristics of an unmanned rocket-powered 
drone. Standard FM/FM telemetering equipment pro 
vides the data transmission. Conversion of the me- 
chanical oscillations into electrical signals suitable for 
transmission, however, requires interesting circuitry. 

Four-element strain gage bridges, because of their 
size and weight, provide the initial 
conversion. These must be care- 
fully applied to the surfaces under 
test so as not to alter the original 
characteristics. High level dc ex- 
citation produces a maximum out- 
put. Neither bridge balance nor 
static drift presents any problem 
since the dc component is not 
sensed. 


Special Amplifier 


Normally, flutter occurs in the 
frequency range of 5 to 200 cps and 
has a low damping ratio. It differs 
from both vibration and stress 
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which, for test purposes, must be isolated from the 
flutter signals. A special ac amplifier follows the strain 
gage bridge (Figure 1) and is shown in Figure 2. 

Transformer T, isolates the ac component of the 
input and provides a 6 to | step-up ratio. Potentiome- 
ter R, serves as a terminating resistance for the trans 
former secondary and as a means of input attenuation. 
The amplifier uses two medium-mu twin triodes con- 
nected as shown. Rheostat action of R, allows an 
adjustment of the de output level to match the input 
range of the FM subcarrier oscillator. Coupling capaci- 
tor C, controls low frequency roll off; C, and C, 
perform the same function at the upper end. Amplifier 
characteristics include a maximum gain of 1,000, good 
linearity, and_a fairly flat response which is down 3 db 
at 5 and 200 cps. 

Before a flight test, the system is calibrated by using 
a vibration head or driver to induce a mechanical oscil- 
lation at the natural frequency of the surface to be 
tested. Amplitude of the recorded demodulated sig- 
nal is brought to the desired value by adjusting the am- 
plifier sensitivity. 

When the vehicle is airborne, relatively fast transients 
are inserted into its controls to induce flutter in the 
surfaces under investigation. Observation of the recorded 
signals at the receiving station permits continuous 
monitoring of the flutter parameters 


FIG. 2 
Compact airborne amplifier developed for flutter tests 








Updating Design Procedures for 
Surge Vessel Control Systems 


To guide the economic design of surge vessel control systems, author Otto offers— 


> Practical application equations 


P Original tabulated data for these equations based on vessel size and 
position, valve type, and controller settings 
> Examples of when to add more costly instrumentation to save by 


reducing vessel size 


KENNETH A. OTTO, The Dow Chemical Co. 


Optimum performance of many chemical, petro 
leum, and other fluid operations often depends on 
relatively constant feed flow to various steps in the 
process. Surge control systems achieve this smooth 
feed. In equipment configuration a surge control 
system is identical to a level control system. Figure | 
shows a typical equipment setup. However, the 
functions of level and surge control systems are 
completely different. A liquid level control system 
maintains a relatively constant level in the vessel, 
especially in the presence of inflow disturbances. 
Such an objective allows this inflow disturbance to 
be reflected on the outflow as shown in Figure 2A. 
A surge control system, on the other hand, main 
tains a relatively constant outflow in the presence 
of an inflow disturbance. This objective essentially 
allows the inflow disturbance to vary the level, 
holding the outflow change to a minimum, Figure 
2B. Level control uses a narrow controller propor- 
tional band, and fast reset if necessary; surge control, 
a wide proportional band and slow reset. 

In both level control and surge control the out 
flow always equals the inflow in steady state. The 
difference is that surge control purposely takes longer 
to reach steady state after a disturbance. 

The design of surge control systems to achieve 
desired performance requires that consideration be 
given to the static and dynamic characteristics of 
each piece of equipment in the control loop. In 
practical cases however, the dynamics of several 
elements in the control loop can be neglected— 
which simplifies considerably the design of actual 
systems. ‘The diagram, Figure 3, of the surge con- 
trol system contains blocks representing elements 
or pieces of equipment in the system. Each block 
should normally include steady state and dynamic 
characteristics for that equipment. Field correlation 
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FIG, 3. Surge control system, show- 
ing all steady state gain terms but 
only those dynamics terms significant 
in practical applications. Table I, 
based on a study of actual equip- 
ment, defines the gain terms of each 
piece of equipment in the system. 
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and analog simulation studies showed that, to an 
excellent first approximation, all dynamics except 
for the tank itself and the controller reset action— 
when used—could be neglected and that only the 
steady state terms need be considered. Table I lists 
the steady state (gain) terms. The gain terms form 
the basis for the design of surge control systems. 


Surge systems using proportional control 


Using proportional control action only and con- 
sidering the surge tank as the one element exhibiting 
a dynamic effect, a realistic approximation of the 
closed-loop transfer function of the system is: 


where + is the time constant. The transfer function 


relating volume change and inflow is: 
y 
Qin 

These transfer functions show that following a 
step change in inflow of magnitude AQ,, the outflow 
changes exponentially until it equals the new value 
of inflow, and the volume change exponentially 
approaches a total change or constant offset equal to 
rAQ;,. For such a single-order system the outflow’s 
maximum rate of change occurs at t = 0 and equals: 
AQout/dt)maz = MQin/t (1 
For simplicity, (dQou:/dt) max will be abbreviated 
as (dO, 
The performance of the surge vessel system using 
proportional action can be completely specified 
once the time constant is determined. The time 
constant is the reciprocal of the open-loop gail 
1/7 = loop gain KrKyKyKcK; (: 
Some gains are nonlinear and vary with such factors 
as flow rate and liquid level. However an excellent 
approximation to them can be found by considering 
their values at the operating regions. Pertinent 

discussion for each gain parameter is in Table I. 
Table II, combining information in Table I and 
Equation 2, contains the time constants for various 
equipment configurations. (The data in Table II 
applies where the pressure drop across the output 
valve is reasonably constant, about 75 to 110 percent 
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TABLE I 
SURGE SYSTEM GAIN COEFFICIENTS 


The surge system gain coefficients, using pneumatic in- 
strumentation, are: 


1. Transmitter gain, Kr 
Kr = (output psi change) /(foot level change) 
(15 — 3)/hmaz = 12/hmax psi/ft 


In a differential pressure cell transmitter, the gain Kr is 
incorporated in the range adjustment mechanism. In a 
float transmitter, Kr is picked when the float length is 
specified, and Kr then corresponds to the integrally 
mounted controller’s output signal with 100 percent pro- 
portional band. 


2.4 Controller gain, K, 


Ke = 100/(percent proportional band) 


3. Valve-motor gain, Ky 
Ky is slope of valve travel vs diaphragm pressure. The 
plot is essentially linear, except for a slight curving near 
the minimum pressure of 3 psi. The linear plot for one 
typical valve motor intercepts to zero travel at 3.2 psi. 
(100 percent valve movement 

(15 psi — 3.2 psi 


K te 


= 8.5 percent/psi 
4. Vessel gain, Kz 
Kr = height/volume. For a vertical cylindrical tank with 
constant cross-sectional area the value for Kr is: 
Kry = 1/A =h/V 1/ft# 


The cross-sectional area of a horizontal cylindrical tank 
varies with liquid level, and for the operating region of 
interest is: 

Kru 
The factor 1.2 represents the 
found in an analog simulation 


5. Valve body gain, Ky 
The valve body gain Ky is the most important gain par- 
ameter in the system. Its value depends on the flow-lift 
characteristics of the valve, on the pump head variation, 
and on the valve sizing procedure. It was found that a 
reasonably good eS to Ky could be obtained 
from the flow-lift characteristic alone provided the pump’s 
differential pressure remained within 75 to 110 percent of 
nominal. On this basis the value for the gain of a linear 
valve is: 

Kyz (maximum flow) /(maximum stem travel) 

Kyz- = Qmez/(100 percent) ft*/min/percent 


For an equal-percentage valve sized to pass the normal flow 
at 70 percent open, the valve gain is approximately: 
Kvyp = Qmaz/(40 percent) 


1.2Kry 


approximate average value 
study 








of operating value.) As an example, the time con- 

stant for a vertical cylindrical tank and a linear 
control valve is: 

1 1 ‘ 

Ker * Kyi ; ‘ @) 


V 100 


‘ , z /o From 
— * a. “sy 


Table I 
_ 0.985V | %PB 
"ee 100 (3) 


Equation 3 and other entries in Table II show that 
the system time constant increases with tank volume 
and controller proportional band. 
Rearranging Equation 1: 
"= AQ in (dQout) mar 


In other words, if the size of the step disturbance 
4O;, and the maximum tolerated rate of change 
(dQout) max are specified, then the system time con- 
stant is also specified. Once the necessary time 
constant is determined, sizing the vessel is easy. 

As an example of vessel sizing, suppose the system 
uses a linear control valve, an upright cylindrical 
tank, and an integrally mounted level transmitter 
and controller whose proportional band is 100 
percent (maximum). Further, assume the valve can 
pass 20 cfm (Qmax), the maximum tolerable rate of 
outflow is 0.1 cfm ((dQout)mar), and the maximum 
step disturbance is 2 cfm (AQ,,). Then, from Equa 
tions | and 3 the required volume is: 

SQ. _ — O0985V _ %PB 
uae = =—S asl 

100 
PB 
~ ~~ 0,985 (dQou)mas 


AQin X a ae 


2x1 X 20 
0.985 X 0.1 
V = 406 cu ft 
The volume change is: 
V = rt AQin = (2/0.1) X 2 = 40 cu ft 

The volume required (406 cu ft) is much larger 
than the actnal surge volume change (40 cu ft), a 
situation usually encountered with a narrow pro- 
portional band controller. This suggests using a 
proportional band wider than 100 percent to reduce 
the required volume to four or five times the surge 
volume change. This approach is feasible; how- 
ever the choice is usually an economic one involving 
a cheaper controller limited to 100 percent propor- 
tional band versus a more expensive one with a 
wider proportional band. The difference in instru- 
mentation cost may be offset by the lesser cost of 
a smaller tank. If the economics dictated a more 
expensive controller, then reset action would be 
probably added as a control function. Reset, as 
will be shown, improves surge-reduction effectiveness 
and hence permits using an even smaller tank. 

Probably the parameters most difficult for the 
design engineer to specify will be the size of the 
step disturbance and the maximum tolerable rate of 


change of outflow. For this reason the concept of 
reduction factor (RF) may aid in comparing the 
effectiveness of different surge systems. ‘The reduc 
tion factor is defined as: 


RF = (AQin)/(dQout)maz 
This factor can be thought of as representing the 
surge reduction capability of any given system. The 
larger the reduction factor, the better the surge 
effectiveness. For the previous example the reduc- 
tion factor is: 

RF = 2/0.1 = 20 (minutes) 


Surge systems using proportional 
plus reset control 


When using proportional control action, a per 
manent offset in volume results following an inflow 
disturbance. This offset makes it mandatory to kcep 
the available volume (V) much larger than the 
required volume change (AV). To overcome this 
offset, automatic reset action can be added to the 
controller with two resulting advantages: 

1. Elimination of offset allows a minimum tank 
size to be approached where the minimum has a 
volume equal to twice the total required surge 
volume change. 

2. The maximum output rate of change is held 
at the specified maximum for a longer time. 

With automatic reset added to the controller the 
surge vessel system transfer function now become: 
second order and can be represented by: 

Qonut s/r + 1/(tTR) 
Vi, sali St s/r + 1/(tre 
v 3 


(s) = 


Qin 3? + 8/7 + 1/(1TR) 


where 7 = system time content; Te = reset time constant. 


For surge control the best outflow transient is 
taken to be that with a unity damping coefficient ¢. 
In normalized form the following are obtained: 
¢ = 3(Tr/r)'” 


or, for unity dampening factor: 


2 = 1.0 = TR (Mr) 


Tr = 4r 


@ = (TTp)'” 


1 
wo, = 1/T, = 1 (472)!2 
or T, = 2r 


where , is the natural resonant frequency. 

The minimum. vessel size using proportional and 
reset control action is twice the required surge 
volume change, or V = 2AV, considering both posi- 
tive and negative disturbances and assuming the 
liquid is at mid-level before a disturbance occurs. For 
unity damping coefficient the maximum volume 
change following the inflow disturbance is: 

A V = 0.3857, AQin = V/2 


or r = V/(1.54A Qin) 4) 


The maximum rate of change of outflow occurs 
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near t = 0 and is: 


(s0:)[(2.) = 


or Qout {= (dQout)maz ad 1.43 AV in ‘Fe 
or T= T,/2 = 0.715[AQin (dQout) maz] 


Using Equations 3 and 6 and solving for the propor- 


tional band gives: 
| 1.1(AQi» | 
0.98. 
0.715 AQ,, (dQout) maz 


7, = 


(dQout )max 


fests : - 100 
= 0.716 RF e * ‘ J PB 
E-quating Equations 4 and 5 and solving for volume, 
1.1(AQ;,)? . or 
(dQ out) maz 


66 Oma 
AQin 


PB = percent 
For other vessel-control valve configurations the 
factor 66 will vary according to the appropriate time 
constant in Table II. These factors for setting con 
troller proportional band for optimum (minimum) 
tank size are shown in Table III. They apply only 
when the controller has reset action. 

The system time constant depends on both the 
desired reduction factor and on equipment configu 
ration. The reset time constant depends, however, 
only on the desired reduction factor: 


This is the minimum vessel volume required to give 
an outflow maximum rate of change of (dQout) mas 
for an input step of magnitude AQ,,. 

To achieve the optimum volume the system time 
constant +r is determined from Equation 5, and from 
this the required controller proportional band is 
found. For a vertical cylindrical tank and a linear 
valve, the time constant is, from Table II (or 
Equation 3): 

_ 0.985V %PB 


T= 7 4 TR tr 2.86 AVi, dQ 
Vanes 100 


2.86 RF 


USEFUL DESIGN DATA FOR SURGE CONTROL SYSTEMS 





Valve Type Vertical tank Horizontal tank 


Comments | K; 12/h 
Ky = 8.5 percent/psi 


maz 





0.985 V L15V 
)maz(100/ PB J maxz( 100/ PB 


1 


Valve sized to pass Qmor at full open. 
| Operating point anywher 


TABLE II 


System time constants 
for different vessel and 
valve configurations. 


Equal- 


Valve sized to pass Q,,«x at full open. 
percentage 


Operating point 70 percent open. 


0.4V 0.465V 
.»(100/ PB Jnae(100/ PB 


Valve sized to pass Q nas at full open 
Ope rating point 60 percent open. 


0.52V 0.57V 
100/ PB Jmar( 100, PB 


Balanced 


Valve sized at 50 percent open 
poppet 


1.1V 1.3V 
maz(100/PB Qmar(100/ PB 





Linear The percent proportional band set- 


tings at the left are those required 
for the minimum surge vessel size 
using proportional plus reset con- 
troller action. For aspecified surge 
. reduction factor and input disturb- 
a 163 Qmaz 140 Q, ance the minimum vessel size is 
: a ) computed from Equation 6. The 
Proportional band set- aoe ss cman reset a constant is 
computed from Equation 7 and set 
by the controller knob 


66 Qmaz 57 Que 
AW, AQ: 


« 


TABLE III 


tings for minimum vessel 


volume. Needle 


125 Qmas 114. Qmas 
AQin AQ, 


Balanced 


poppet 59 Qmaz 50 Omez 


AQin AQin 
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Reset time constant is set at the controller knob. 

Using a wide-band proportional plus automatic 
reset controller leads to a considerable decrease in 
vessel size over that required when using only pro- 
portional control. As an example of optimum 
vessel sizing, consider—as in the case of proportional 
control only—that 

Qmaz = 20 cfm 
AQin = 2 cfm 

(dQout)maz = 0.1 efm/min 

Then, using Equation 6 the optimum volume is: 
L.1(AQin)® _ 1.1 X 2 
~ Wo = Se = 44 cu ft. 

The required proportional band and reset time 
constant for this example of optimum tank sizing 
are: 7 Me vy 6 

PB = or a= a » . 660 percent 


tr = 2.86RF = On = ae x 3. 57 min/repeat 

As seen from this example, the volume required 
(44 cu ft) using a wideband controller with auto- 
matic reset is much less than the volume required 
(406 cu ft) using 100 percent proportional band 
control only. A controller having a proportional 
band from 0 to 1,000 percent and a reset time con- 
stant from 0.4 to 100 min/repeat will normally be 
adequate for achieving the desired system time 
constant and minimum vessel size regardless of the 
vessel-valve configuration. This type of controller 
is often referred to as an averaging level controller. 
Often, limit stops are incorporated to prevent over- 
or underflooding the surge vessel. 

With the proportional band limited to 100 per- 
cent, the surge effectiveness is very dependent on 
the selection of valve type and vessel position as 
can be seen from the differing numerical constants 
of the entries in Table II. The larger the constant, 
the better the surge effectiveness. The best surge 
effectiveness for all operating regions is achieved 
with a horizontal cylindrical tank and a linear con- 
trol valve. Surge effectiveness varies considerably 
with valve selection, the linear valve being far 
superior to the more common equal percentage type. 

Surge effectiveness using the averaging level con- 
troller is essentially independent of valve selection 
or vessel position. These system nonlinearities are 
compensated for by the averaging level controller’s 
wide proportional band. 

With proportional control the outflow never 
overshoots its final value in recovering from a dis- 
turbance. With averaging level control however, 
the outflow overshoots the final value by 0.17 AQ;,, 
Ordinarily this is not serious, but the overshoot 
could become intolerable, for example, if the surge 
control system feeds a column already near its 
flooding point. . 

The relative surge effectiveness using the averaging 
level controller is always better than that achieved 


with proportional control. The increase in effective- 
ness depends on the ratio of the expected step magni- 
tude to the maximum throughput, a ratio always 
assumed less than unity. For the same tank volume, 
the maximum outflow rate of change with the 
averaging level controller will be AQin/Qmar times 
as great as that from proportional control alone. 
In terms of the reduction factor: 


RP prop 
1.1 AQi, 
Ques 


For normal values of AQin/Qmor from 0.05 to 0.15 
the averaging level controller gives about five to 
twenty times the surge effectiveness for the same 
volume compared with straight proportional control. 
Conversely for the same reduction factor, the 
ayeraging level controller requires a volume normally 
about one-fifth to one-twentieth the volume required 
with proportional control. The averaging level con- 
troller can always achieve the same surge effective- 
ness with less volume; however, its advantage 
decreases as AOin/Qmax gets larger. A good rule is 
to consider using the averaging level controller 
whenever the ratio AQin/Qmas is less than 0.5. 


RF prop plus reset = 


Economic benefits 

The choice between a relatively expensive aver- 
aging level controller or a less expensive float-type 
controller will probably be dictated by economic 
considerations. Averaging level control normally 
requires, in addition to the proportional plus reset 
controller, a differential pressure cell or float level 
transmitter and a valve positioner. The cost differ- 
ence of approximately $750 must be justified by the 
smaller vessel size, reduced holdup time, reduced 
inventory storage, and other considerations. 

On the basis of reduced vessel size only, the cost 
difference will be relatively easy to justify if the 
vessel is made of such special materials as glass- 
coated steel or stainless steel. Assume, for example, 
a 1,000-gal tank with averaging level control. The 
installed cost of a 1,000-gal steel tank is $1,200, 
of a 100-gal one, $500. Thus, the reduced tank size 
just about pays for the extra instrumentation. How- 
ever, a savings will arise if the tank is made of stain 
less steel. A 1,000-gal stainless tank is about $2,550, 
a 100-gal one, about $800. The $1,750 difference 
pays for the extra instrumentation and saves an 
additional $1,000 through the use of a controller 
with wide proportional band and reset action. 

Very often a flow controller is used to control the 
outflow from the surge vessel, with the flow con- 
troller setpoint being reset by the level controller. 
This cascade control method of accomplishing 
smooth outflow is common when wide pressure 
variations are expected across the control valve. 
However, cascade control offers no advantage over 
the averaging level controller when the pressure 
drop variation is 75 to 110 percent of nominal. 
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Thyratron Circuits 
for Solenoids 


and DC Loads 


Ac solenoids and such dc loads as magnetic clutches and brakes can be 
“forced” to high response with xenon thyratrons and simple circuitry. 


Here are some circuits and practical information about their capabilities 


FIG. 1 
FRANK MacPHERSON, Electrons, Inc. 


| Firing circuit = Co 


yntrol signa 


SWITCHING SOLENOIDS 


Switching of ac solenoids with a pair of xenon thy- 
ratrons forces fast solenoid response from low energy 
control signals. The grids can be controlled by mi- 
croswitch, punched card, punched tape, or magnetic 
logic units connected directly in the grid circuits. arg Pa 
High speeds can be realized for critically timed ltege 
operations with no preamplification of the control 
signal. In a typical circuit (Figure 1) two EL C16] 
thyratrons connected in inverse parallel may control 
an ac load of 112 amp rms at low duty cycle or 40 
amp rms continuously (2.22 x |average current rat- 
ing for one thyratron}). 


2.00.9 -—' 
r 


Y 





Design data 
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FIG. 1. Two EL C3] xenon thyratrons connected tv 


in inverse parallel can produce an overall amplifier > 
and solenoid response of 5 millisec in a solenoid of : 


}-in. stroke by switching at a voltage 2.5 times the 
rating of the solenoid. ~— 


FIG. 2. If the desired solenoid response can be 15 Ac input ELC3J r= 3 Ac 
millisec or more, an ac solenoid may be even more voltage > 3 
simply controlled with a single thyratron as shown. r 


0.0005 
mtd 


See ee ee 


FIG. 3 


FIG. 3. Pulse-type firing sig- 
nals synchronized with the an 
r— More negative thon thyratron ode voltage will assure the 
same pull-in force for each 
operation of the single thyra- 
tron circuit in Figure 2 regard- 
less of when the control signal 
is applied. 

Note that the thyratron will 
Le-Thyratron on for 2 cycles a turn on only when the com 
| | bination of the control voltage 
and pulse exceeds the firing 

voltage (shown as 0). 


r— Synchronized firing ——\ r— Supply voltage 


—+—|— Controller off ——" 


‘— Dc hold-off bias es Control signal — Control signal 
turned on here turned off here 
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FIG. 4. In Figure 2 resistor R prevents chatter of 
the solenoid. Pull-in and holding force vary with R 
as shown. The maximum value of R is limited to 
that which allows continuous current in the solenoid 
coil, Its minimum value is set by the heat dissipation 
rating of the solenoid coil for the particular duty 
cycle used. 

In general, high duty cycle operation or continu- 
ous energization of the ac solenoid will demand a 
higher value of shunt resistance R and it may also 
dictate an input ac voltage less than the solenoid 
rating. (The curves shown were measured on an ac 


SWITCHING DC LOADS 


Load current in typical fast acting de magnetic 
clutches and brakes can be forced to build up in 
less than two cycles of the supply frequency by 
simple thyratron circuits that provide switching and 
rectification of load current within a single element 
(thus replacing a relay and a separate rectifier). Con- 
trol power can be only milliwatts. On turn-off, auto- 
matic demagnetization of the load eliminates annoy- 
ing clutch or brake stickiness. 


Design data 


FIG. 5. The simplest circuit for de loads adds capaci- 
tor C to circuit of Figure 2. If an anode transformer 
is used, it must be capable of passing the de com- 
ponent of current without saturating as well as the 
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solenoid with an input voltage rating of 230 volts. 
The input voltage may be increased or decreased to 
provide additional circuit design flexibility.) Inrush 
current during the first cycle of operation measured 
with a calibrated oscilloscope should be no greater 
than the thyratron’s continuously recurring peak 
current rating (not the fault current rating). 

Note that for a given input voltage the pull-in 
force decreases as R is decreased, w hile the hold-in 
force changes in the opposite direction. Thus, 
pull-in characteristics are sacrificed to some extent 
to control chatter, but holding force improves. 


rms current due to the capacitor charging current on 
every cycle. If, for example, the load is a 90 vde 
clutch or brake, this circuit may be supplied directly 
from a 240 vac line. The values shown are typical. 


FIG. 6. The capacitor C in Figure 5 performs three 
functions: 1) it charges each cycle to the peak 
value of the ac sine wave (or higher if line induc 
tance is present) and so provides a high forcing volt 
age that causes fast load current buildup; 2) it sup 
ports the continuity of load current during each 
negative half cycle; and 3) on turn-off, the load 
current reverses through the capacitor momentarily, 
thus providing a desirable demagnetization of 
clutches or brakes. 


FIG. 7. Both the peak inverse voltage and the peak 
forward voltage applied to the thyratron in Figure 5 
may exceed the peak value of the input voltage and 
depend on the parameters of the resonant circuit 
R, L, and C, 

Since capacitor C will discharge and recharge to 
a reversed polarity on each cycle, the peak inverse 
and peak forward voltage ratings of the thyratron 
must be at least equal to the maximum sum of the 
simultaneous instantaneous supply voltage and ca- 
pacitor voltage. The actual transient voltage is best 
measured with an oscilloscope connected directly 
across the thyratron. The value of C is selected to 
provide the required dc voltage and continuous load 
current at the steady-state grid and firing angle. 
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Time 
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Control signal 
turned on 


—Thyratron current 


r—Voltage on capacitor 
> —Clutch load 
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>0016 je Control signal turned off 


Clutch automatically 
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Average dc current this period 


in clutch = 0.4 amp 
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—Thyratron fires 


Thyratron fires 


rhe resistor R limits the peak current through 
the thyratron. The approximate value is equal to 
PFV/I,; ie., R equals the peak forward voltage 
imposed on the thyratron divided by the continu- 
ously recurring peak current rating of the thyratron 
not the fault current rating). 


FIG. 8. If the control signal in Figure 5 should ap- 
pear on the grid during the time the anode voltage 
is negative, there will be a maximum inherent one- 
half cycle delay since the circuit is half-wave. The 
full-wave rectified anode voltage eliminates this de- 
lay by making the anode of the thyratron positive 
whenever the control signal occurs. The equivalent 
load circuit impedance comprising R, L, and C 
must be resistive or slightly capacitive to allow the 
thvratron time to deionize. 


FIG. 9. If speed of response is not critical, this cir 
cuit provides smooth power from fuil off to full on 
or on-off step control for magnetic clutches and 
brakes and other electromagnetic power supplies. 

Ihe de average current ratings of the thyratron 
and diode D in this circuit should be equal since 
both will carry essentially the same average de cur- 
rent when the thyratron is full on. Thus, a l-amp 
thyratron and a l-amp diode D will control a con- 
tinuous load current of 2 amp. 

The peak inverse voltage applicd to the thyratron 
is insignificant in this circuit but the peak forward 
voltage rating of the thyratron must be greater than 
\V/2E,m., plus allowances if the grid firing signal is 
delayed beyond 90 deg. Diode D may be either a 
tube or semiconductor rectifier and must withstand 
a peak inverse voltage of \/2E,m., plus allowances 
for anticipated high line voltage. The maximum dc 
output voltage is about (E,,,/2.2) — 10 volts. 

Load current buildup time may be shortened by 
increasing the supply voltage E,,, (limited by the 
peak forward voltage rating of the thyratron) and 
retarding the grid firing angle after current buildup 
to limit the load current to steady-state ratings. 


1959 


- Peak forward voltage 


applied to thyratron 
FIG. 7 


On turn-off, current in the load decays with the 
time constant in the “back rectifier loop”, which is 
simply L/ Riese. If Re is made larger, the time con 
stant on turn-off, L/(R, + R,), is shortened and the 
system response is improved. E,,,, may be increased 
to provide the required de load voltage for an in- 
creased value of R,. The maximum value of R, is 
therefore limited by the supply voltage and by the 
required continuous load current. Where response 


on turn-off is not critical, R. is omitted entirely 


R 
Ac nput 
voltage 


a eee 


Packaged 


--o . 
grid circuit 2 vontrol ‘signal 
; - 


f 


| 
Ac input 
voltage 





In both opto-mechanics and electronics, Bulova is enhancing the state of the art. 
Bulova designs are improving acuity. Bulova electronics are simplifying readout 
devices. Bulova advanced precision production and assembly techniques are 
assuring more accurate instruments capable of withstanding higher adverse envi- 
ronmental conditions. 


This proven capability— from conception to manufacture— stands ready to support 
your efforts. 


Experience in precision design and manufacture is the Bulova tradition—the 
Bulova capability—it has been for over 80 years. For more information write— 


Industrial & Defense Sales, 62-10 Woodside Avenue, Woodside 77, N.Y. 


114 CIRCLE 114 ON READER SERVICE CARD 


New focus 
on 


photographic 
reconnaissance 
systems... 


by 
Bulova 


> BULOVA 


CONTROL 


ENGINEERING 





Characteristics of 
Digital Codes 


THE GIST: With the increased use of digital techniques in various data 
handling and transmission systems, the control engineer is often confronted 
with the problem of choosing a suitable digital code for a particular 
application. Alternately, he may be constrained to use a specified code 
because of conditions out of his control, such as existing equipment. Or 
he may have to deal with the problem of converting from one code to 


another. 


This article defines the more important properties of digital 


codes that affect their selection and then presents certain specific codes 
currently used in computing, data handling, and data transmission systems. 


LEO ROSEN, Anderson-Nichols & Co. 


Digital codes have a number of practical properties 


which can be compared to the requirements of any 
particular data handling application. Which of these 
properties are the criteria for code selection depends 
on the application. Such criteria are often conflict- 
ing in real problems, and compromises must be made 
to select the “best” code. 


The properties for consideration are: 


- 


Compatibility—the adaptability of a code to 
transmission over available or standard facilities. 
Also, the easy convertibility into other standard 
codes with which it may be used. 
E-conomy—the ratio of the number of characters 
to be coded to the maximum number available 
with the code. For example, binary coded 
decimal using four bits provides 16 possible 
characters but uses only ten of them. 

Error checking—the integral means for detecting 
transmission errors. For example, the 2-out-of-5 
numeric code requires that two and only two 
of the five bits used be 1’s, or an error is indi- 
cated. An alternative method wherein an extra 
bit is added for parity or check has the advan 
tage of economy because the error check can be 
used when the probability of error is high and 
omitted under good signal to noise conditions. 
The extra bit makes the total number of 1’s in 
the code character even for “even parity” or odd 
for “odd parity”. 

Error correction—the inclusion of means for de 
termining the correct code when some of its 
elements are in error—implies error checking. 
Transmittability—the ability of standard elec- 
tronic and mechanical elements and automatic 
communication equipment to handle the code 
under various signal to noise ratios. For example, 
a code with a variable number of elements such 
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as Morse presents technical problems in auto 
matic interpretation not encountered in a fixed 
length code. Only fixed length codes are dis- 
cussed in this article. 

Nonambiguity—the property that any character 
can be recognized uniquely without reference to 
preceding characters or the spatial position of a 
character. In a code such as Baudot-teletype 
writer in which a character can determine the 
significance of later characters, sorting into or 
ders (alphabetic or numeric sequences) is difh- 
cult. Such codes have an economy advantage, 
however, in that fewer bits are needed to desig 
nate a character. 

Order—the arrangement of characters in an or- 
dered sequence (numerics in binary order and 
alphabetic characters in numeric order) to facili 
tate and simplify sorting. 

Interpretability—a sensible (i.e., visual, aural, 
etc.) arrangement of elements to help a human 
operator interpret a code. Variable length codes 
are better in this respect than the fixed length 
codes discussed here. 

Contiguity—the unit distance characteristic re- 
quired by many analog to digital conversion 
techniques. Adjacent codes differ only by one 
bit and are therefore free from error even when 
read during a carry or change in higher order 
significant figures (see Table 1). 

Logical construction—a simple logical property 
that determines the type of characters which a 
particular code represents. For example, the first 
two bits can tell whether a character is numeric 
or alphabetic. 

Easy manipulation—a property that simplifies 
mathematical computation or other manipula- 
tions. For example, computing equipment is 
simpler with excess three binary coded decimal 
than for pure binary coded decimal. 


Some specific digital codes in current use are illus 
trated and discussed in the following pages. 





TABLE 1 BASIC BINARY CODES 
Several of the codes developed from the pure binary form. Binary coded _. PURE BINARY 
decimal is used in data handling where the need for simple conversion (input : a 
and output) to decimal form outweighs the economy of the pure binary 
form. Thus, a 20-bit binary code expresses values up to 2” or about 10°, 
while in binary coded decimal, since four bits are needed for each decimal, 
the range of values is only 10°, The conversion from a 20-bit binary number 
to decimal (or vice versa) requires a fairly extensive routine, while the con- 
version from BCD to decimal proceeds on a simple digit by digit basis, 
The excess three binary coded decimal is similar to BCD but the range of 
decimal values starts at binary 1100 (3) and ends at 0011 (12). This code 
simplifies some of the circuitry used in the arithmetic section of computers 
and avoids an all-O0 number (zero in BCD). 
The unit distance codes prevent ambiguous readings in analog to digital 
converters. As an example, in shaft position converters that use a 
segmented ring and brush for each digit, an unambiguous correct reading 
results when the brushes are positioned in the center of each segment, 
e.g., 0011 (3). But when the input shaft moves slightly, the third brush 
may pick up its next contact before the first and second brushes change, 
due to normal mechanical inaccuracies. In pure binary coding the output 
would read 0111 (7) and it should read 0100 (4). This is not possible in eek oe fly 
unit distance codes since one bit changes for each unit distance. DIGITS (BITS 
Conversion from the Gray unit distance code to decimal requires extensive 
manipulation, The Giannini Datex code simplifies this conversion problem UNIT DISTANCE CODES 
by writing the (binary coded) decimals also in a unit distance code, thus— GRAY CODE GIANNINI DATEX (BCD 
0, 1,2, 3, % 5, 6.75 8, 9, 29, 88, 37, 36, 35,)14, 13, 12, 31, 10,20, 21, . i. ES 
22, etc. The binary code is so chosen that the nines complement of a number MT heres: Be fo = : 
results merely by inverting the fourth bit, e.g., 1100 (1) and 1101 (8). There- pr et } r= 
fore if the converted Datex BCD “tens” digit is even, the “units” digit is ’ i 
converted; while if the “tens” digit is odd, the nines complement is con 
verted. Thus 0100, 1100 in Datex is simply 21 in decimal, while 1100, 0011 
(15) becomes 1100, 0010 or 14 in decimal, since the “tens” digit is odd. 
The ring type of code provides error checking as well as unit distance. A 
one-bit error in the code shown gives either the adjacent magnitude or an 
impossible code. If used in an analog to digital converter, only one 
contact ring is needed since all four brushes can read the same ring. The 
code shown is not as economical as pure binary, since for 4 bits its 
range is only eight. Ring codes can be written with 2%-1 discrete values if 
error checking is not required and the complexity of the conversion to pure 
binary or decimal is not a limitation. (N is the number of bits.) 
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TABLE 3 
Except for the lack of parity and the assignment of special characters, 
the Datamatic 1000 (Minneapolis-Honeywell) code is identical to the 
IBM 705 code. The type of error checking used in the Datamatic 1000 
replaces the need for parity checking. Instead, a transfer weight check 
iis used in which each bit position is assigned a weight (1 = 1, 2 = 2, 
3 4, 4 = 8, and the weight count is sent as a separate character 
ranging from 0 to 8, but 0 is sent as 9). The Datamatic 1000 also 
uses the hexadecimal code (without the two zone characters), when 
only numbers are involved, for a significant improvement in machine 
speed since only four bits need be handled per decimal digit. 


°o 














o- 








|~=-—~ =|0 0090 








222i O~ O|-O- 0/-9-0\-0-0 


> 








-=-oo 
-~o-°o 


TABLE 2 

The IBM 705 computer code uses 7 bits—one for parity, two for 
“zone” and four for “detail”. The zone bits determine whether or 
not the character is a number. Detail bits are straight BCD. The 
characters are arranged in ordered sequence to simplify alphabetic 
sorting. The code is nonambiguous, and the party check can be 
omitted if not required. It is compatible with the IBM punched 
card code (Table 134A). 
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UNIVAC II CODE (7 BITS-EXCESS THREE) RCA 501-2-3 CODE (7 BITS) 
(SPERRY RAND CORP.) (RADIO CORP. OF AMERICA) 
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TABLE 4 TABLE 5 
The UNIVAC II code also exhibits a lot of similarity to 
the IBM 705 code except that all of the values are excess lar to the 705 code except that the zone bits are 
three rather than binary coded decimal. Parity is opposite differently assigned and numbers are in excess 
from the 705. Numeric sorting is possible, and conversion three BCD 

to punched cards is simple 


The RCA 501-2-3 code is also substantially simi 
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FIELDATA CODE (7 BITS PLUS-CONTROL BIT) Notes: NA. = not assigned RCA. = remote control A 


(U.S. ARMY SIGNAL CORPS) M.D.A. = message data A lape, M = magnetic tape, P = paper tape 
0100:0 oe oe ee 
PARITY ZONE DETA NTRO 
(MAGNETIC TAPE,ODD | ; (Bcc 
PAPER TAPE, EVEN) * ' 
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The Fieldata code to be used by the U. S. Army in field data process- 

DATATRON CODE (8 asits) (BURROUGHS CORP ing illustrates an ingenious compromise in the selection of a code 
PRAT as meee ee Ee 7 from conflicting criteria. Ignoring the control bit for the moment, 
ni z 0 1 (4-8/7 CD FOR the code uses parity for error checking, the zone determines the type 
NUMERAL.’ : of character, and the characters are ordered for easy sorting. Parity 

OR OTHER CHARAGAERS may be omitted for use internally in the computers and added if data 

is to be transmitted over a communication link. The code is unam- 
biguous and economical. The addition of the eighth or control bit 
permits using the same code for an additional set of characters for 
remote control, yet within a particular machine such as a printer, the 
control bit may be omitted entirely. Conversion to punched cards is 
simple for numeric information, but not quite so easy for alphabetic. 
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TABLE 7 

The Datatron code again is basically binary coded decimal and 
numeric information is handled in this form. But two BCD characters 
are used for alphanumeric information. The code selection has been 
made to simplify conversion to the IBM punched card code (Table 
13A). The efficiency of the code depends on the type of material 
being handled since 4 bits are needed for numerals, but 8 bits are 
needed for alphanumeric characters. 
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TABLE 8 

he 5-unit Baudot paper tape code is probably the oldest 
and the most widespread of all the codes in use today 
Since most of the world’s printing telegraphy communi- 
cation networks are committed to it, this criterion alone is 
often sufficient for its selection. It is ambiguous in that the 
case shift character determines the sense of all following 
characters, but it does have the economic advantage of 
using only 5 bits to designate characters after the case has 
been determined. Since the code is arbitrary (i.e., not 
ordered) conversion to computer codes must be on a 
tabular look-up basis and sorting into an ordererd sequence 
cannot be done on a numeric basis. In communications I ~ } - } 
transmission this code is usually sent with the bits in 
sequence. The actual character designating bits may be pre 
ceded with synchronizing bits (start) of the same length 
and followed by a synchronizing bit (stop) whose duration 
is 1, 1.42, or 1.5 times that of the information bit. 
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MOTOR STOP TABLE 9 
An eight-bit code derived from the 
standard Baudot code by the addition of 
error checking bits. In this code exactly 
4 bits must be marking (1) and 4 bits 
must be spacing (0), a limitation which 
makes the code redundant since manv of 
the 256 possible characters are not allow- 
able. This code is easily converted into 
the standard Baudot and vice versa. 
, While it is not ambiguous, it is not 
Code must contain four I's. ordered, and conversion to computer 
Detected errors replaced > I 
by space. codes must be on a tabular look-up basis 
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U.C. SHIFT 
TABLE 12 | CAR RET |@ 
The Datatron punched tape | COLOR SHIFT| @ 
code (7 bits) designed to con- | e-eren 
vert easily to the Datatron code re 
(Table 7), a BCD form of the go 
IBM card code. An additional 
code bit is required to control 
a typewriter. 
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TABLE 11 

\ punched tape code which has been chosen pri 
marily for its compatibility with the IBM punched 
card coding. The channel values convert directly 
into the card punching, and card punch control 
signals are directly provided. A parity (check bit) 
is included and requires that the total number of 
holes be odd. 
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SPERRY RAND UNIVAC 


3456789 & 1uKLMNOPQRSTUVWKY2Z TABLE 13 

‘i oe oe. a "= Te (A)—The format and code used in the standard 

IBM punched card is not susceptible to parity 

eee oes checking and is extremely uneconomical since only 

eee VS 47 of the 4096 (2") possible combinations are usually 

used. This code is easily interpreted by an operator 

since the numeric values can be read directly from 

the card and the alphabet is easily learned. The code 

is unambiguous and compatible with most of the 
computer codes described in this article 

(B)—The Sperry Rand punched cards provide 90 

Cord size — 7 Vax 3% in. character positions as compared to the 81 characters 

possible on the IBM card. The numeric characters 

can be learned easily, but reading the alphabetic infor- 

mation is dificult. Conversion to other codes must be 

46 47 COLUMNS 46-90 done on a tabular look-up basis The code is 

— unambiguous, and is not susceptible to effective 

parity error checking 

C SAMAS UNDERWOOD (C)—The two Underwood (Samas) type punched 

cards are smaller, 21 and 40 columns each, and pro 

2! columns vide for mumeric information only The code is 

directly readable and unambiguous 
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TYPICAL 
Hee VS TIME 
(500 Mw @ 28°C) 
You * 20 VDC 
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Te *25 MA DC 
By Hantcorerd 











90% 











Greatly magnified photo of silicon 
transistor showing Fixed Bed Construc- 
tion. All parts are firmly fastened, with 
no suspended parts except wire lead. 
Transistor reacts as a solid block in re- 
sisting shock and vibration. Power dis- 
sipation is inherently higher. 
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Power dissipation of the 2N332A-through-2N336A silicon transistors (see chart below) 
ranges from 500 mw at 25°C to 83 mw at 150°C without heat sink. Note also (see chart 
below, left) the extremely low Icso throughout 1000 hours of testing. Nearly 90% of 
units fall within 100 mua. Beta spread (chart above) is stable out to 1000 hours. 








RATING CURVES FOR 
G-E SILICON TRANSISTORS 
WITH FIXED-BED CONSTRUCTION 
TYPES 2N332A-2N336A 
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CONTROL ENGINEERING 





500 mw without heat sink at 25°C 





FIXED BED MOUNTED TRANSISTORS 2N332A-through-2N336A ALSO FEATURE: 
4 VOLT Viz... GUARANTEED 45 VOLT Ve... .005 ya MAX. Ios 
AT 25°C AND 30 VOLTS... PHYSICAL AND ELECTRICAL STABILITY 


The 2N332A-through-2N336A line of silicon 
NPN triodes is a new series of amplifier and 
switching transistors capable of much higher per- 
formance than ever before achieved. 

Collector dissipation without heat sink is 500 
mw at 25°C ...83 mw at 150°C. Since reliability 
is related to junction temperature, even those de- 
signs which do not require maximum-rated power 
may be enhanced greatly by this device series be- 
cause of the wide safety-factor potential provided. 
FOUR OTHER ADVANTAGES— Collector-to- 
emitter voltage is guaranteed at 45 volts. Col- 
lector leakage current is a maximum of 500 mya 
at 30 volts and 25°C. Collector-to-emitter leakage 
current is 60 wa at 150°C. Minimum cutoff fre- 
quency is 2.5 me, typical f,, is 10 to 15 me. 
FIXED BED MOUNTING— Fixed Bed Mounting 
is an exclusive G-E construction technique which 
contributes to the extreme stability obtained by 


this series of transistors. Storage and operating 
tests have resulted in a performance rate of better 
than 99.2% after 1000 hours. 

Besides the demonstrated electrical characteris- 
tics, General Electric’s silicon transistors can ab- 
sorb physical punishment far beyond normal 
specifications. All parts are solidly fixed together 
and react as a solid block in resisting shock and 
vibration. Test units have been fired from a shot- 
gun, struck with a golf club and rattled freely in 
an auto hubcap for 700 miles—and worked after- 
ward. 


IMMEDIATELY AVAILABLE — All types are 
available now from warehouse stock. Call your 
General Electric Semiconductor Sales Representa- 
tive for complete details on the “hot’’ transistor 
line that operates the coolest. General Electric 
Company, Semiconductor Products Dept., Elec- 
tronics Park, Syracuse, N. Y. 








TYPE 2N333-THROUGH-2N335 SILICON TRANSISTORS MEET MIL-T-19500/37A SPEC. 


Designing to the new MIL-T-19500/37A Spec? General Electric types 2N333, 2N334 and 2N335 can be 
supplied from warehouse stock to meet this specification. 











SPECIFICATIONS 





Absolute Maximum Ratings (25°C) 


Voltages 


Collector to Base 
Collector to Emitter 
Emitter to Base 


45 volts 
45 volts 

4 volts 
Current 


Collector 25 ma 


Power 

Collector Dissipation RMS 500 mw @ 25°C (Free Air) 
83 mw @ 150°C (Free Air) 

Temperature 
Storage 


— 65 to 200°C 
Operating Junction 


— 65 to 175°C 





Electrical Characteristics (Typical at 25°C) 


D C Characteristics 2N333A 2N334A 2N335A 
Forward Current Transfer Ratio (low current) 


(Ilc=1 ma, Vce=5 V) hee 27 36 45 


Saturation Voltage 

(is=1 ma, Ic=5 ma) Vce (Sat) d 45 A2 A 
Cutoff Characteristics 
Collector Current 

(Vcs=30 V; le=O; Ta = 25°C) Icko 
Collector Emitter Current 

(Vce=30 V; Is=O; Ta 150°C) Icto 
Low Frequency Characteristics 

(Vcs=5 V; le 1 ma; 1000 cps) 
Forward Current Transfer Ratio hte 
Input Impedance hie 
Output Admittance hoe 
Output Admittance 
High Frequency Characteristics 

(Common Base) (Vcs=5 V; le= —1 ma) 
Output Capacity (f= 1 mc) 
Cutoff Frequency 
Power Gain (common emitter) 

(Vce= 20 V; le= —2 ma; f=5 mc) 
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A Low-Conductivity 
Magnetic Flowmeter 


How simple design changes have 
produced a magnetic flowmetering 
system that will handle liquids 

or slurries with conductivities as 
low as 0.1 yzmho per cm. 


DOUGLAS R. LYNCH, Fischer & Porter Co. 
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FIG. 1. Construction of a modern magnetic flow transducer. 
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Use of magnetic flowmeters in process control systems 
has been limited in the past to liquids of relatively high 
conductivity. To better understand techniques recently 
developed to extend this range of application, it would 
be well first to review the operation of a typical present 
day system. 


The flow transducer 


Essentially, a magnetic flowmeter system consists of 
a primary flow transducer and secondary amplification 
instruments. System performance depends on both 
these elements. Figure 1 shows a cutaway drawing of 
the transducer and illustrates its basic parts. This entire 
assembly behaves like, an ac generator in which the 
conductive liquid serves as the driving armature. The 
equation relating flowrate to the induced voltage may be 
written as 

q = KD(E./B) 


where q is the volume flowrate, K a meter constant, Dd 
the diameter of the meter, E, the induced voltage, and 
B the flux density of the magnetic field. The deriva- 
tion of this equation is rather straightforward and need 
not be reviewed here. The equation shows, however, 
that for a given meter size, volume flowrate depends 
only on the relationship between the induced emf and 
the flux density and is completely independent of the 
many variables which normally affect the operation of 
conventional head meters. 

In practice it is difficult to maintain a constant flux 
density B, but it is relatively simple to maintain the 
E../B ratio. Generally this is accomplished by using 
the output of a transformer (connected either in series 
or in parallel with the field coils) in conjunction with 
external dividing networks to produce a reference volt- 
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FIG. 2. Block diagram of a typical magnetic flowmetering system. 





age. ‘Then, any disturbance which affects the flux 
density will similarly affect the signal voltage. 
Experiments have shown that the meter coefficient 
K is essentially constant provided that the magnetic 
field is uniformly distributed and the fluid conductivity 
remains above the minimum threshold. Hence the 
meter is fully independent of Reynolds number. 


Secondary instruments 


Figure 2 shows a complete system using a special 
servo-driven null-balance potentiometer. The emf 
generated at the meter goes directly to high impedance 
balancing transformers. The balancing signal from 
the current transformer in the meter is operated on 
by a balancing network in the servomotor panel before 
being applied in phase opposition to the flow signal 
in the differential amplifier. That portion of the avail 
able balancing signal to be applied as a comparison 
voltage against the flow signal is a function of the angu- 
lar displacement of the closed-loop servosystem from 
a null or balance position. The balancing network also 
provides a suppression voltage for unwanted longitudinal 
pickup and quadrature voltages that appear on the 
high impedance transmission cable or in the primary 
meter electrode leads. This suppression voltage is intro- 
duced to the differential pele 3 unit for pickup can- 
cellation. The error signal then enters the high gain 
servoamplifier which boosts it to a level sufficient to 
drive the servomotor, provides a phasing adjustment to 
maintain proper phase relationship with the servomotor, 
applies rate-feedback to prevent overshoot, and also 
permits external gain adjustment. The amplified error 
signal then passes to the servomotor which mechanically 
positions both the recorder pen and the potentiometer 
in the balancing network. When the balancing signal 
equals the flow signal, the system will be in balance. 


Lowering the conductivity threshold 


A liquid conductivity of 20 wmhos per cm has been 
suggested as a practical minimum for magnetic flow- 
meters. This figure however includes a wide safety 
margin since tests under laboratory conditions have 
shown that conductivities as low as 1.57 wmhos produce 
little change in the flow coefficient. 
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FIG. 3. Equivalent circuit for a magnetic flowmeter. 


Figure 3, an equivalent circuit for a magnetic flow- 
meter, illustrates the approach taken in developing a 
system for even lower conductivities. Since the input 
impedance of the diftfential amplifier R, poses no load- 
ing problem, and further, since the resistance of the 
fluid R, is the quantity to be determined, these values 
need not be varied. ‘The clue to lower conductivity 
thresholds, then, lies in reduction of cable capacitance 
C. and transformer capacitance C,,. 

‘The newly designed system is shown in Figure 4. As 
a first step, the balancing transformers were moved from 
the secondary instrumentation to the vicinity of the 
primary. Maximum allowable cable length was set at 
20 ft. Next, residual cable capacitance was minimized 
by using twin shielded electrode cables and allowing the 
outer shields to serve as electrostatic shields while the 
inner ones are driven to the same potential as the center 
conductor by the rebalancing voltage. This technique 
neutralizes the capacitive loading between center con- 
ductors of the two leads. A circuit analysis showed that 
maintaining the inner shields at a slightly higher po- 
tential than the conductors would also neutralize the 
remaining transformer capacitance. 

In today’s “high-conductivity” systems the problem 
of quadrature voltage is eliminated by use of phase- 
sensitive components. However, with higher fluid 
resistances the phase of the quadrature shifts so that 
some in-phase component is added to the signal. The 
next step was to add a second servosystem, phase-sensi- 
tive to quadrature voltage alone. The rebalancing volt- 
age then serves a second purpose in that it also drives 
the inner shields to the same quadrature potential as 
the center conductors, thus maintaining quadrature volt- 
age in its proper phase relationship. 

Finally, a considerable reduction in noise interference 
and zero stability problems has been 
brought about by 1) development of 
a transistorized differential amplifier 
and power supply, 2) careful atten- 
tion to special noise producing cir- 
cuit details, and 3) lifting all inter- 
mediate grounds in favor of a single- 
point grounding system. 

While the changes described 
Sidewire above have produced a magnetic 
Nol flowmeter system capable of han- 


ot dling liquids with specific conduc- 


tivities as low as 0.1 wmho per cm 
Sidewire 


(or about one-tenth the conductivity 
No.2 
+ 


further improvement in the near fu- 
ture. The present limit, like its 20 
zumho predecessor, provides a wide 
safety margin; it too is subject to 








considerable reduction under labora- 
tory conditions. 
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FIG. 4. Circuit diagram for the redesigned low-conductivity system. 
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Rubber Membrane 
Finds Root Loci 


® 
T. JAWOR, Evershed & Vignoles Ltd., London 


FIG. 1. A 0.0l-in. thick stretched rubber 
membrane is displaced by rods at the 
poles and zeros to generate the root locus 


A function Z(s) = In G(s) of a 
complex variable s = o + jw can be 
approximately represented by local 
distortions of a uniformly stretched 
elastic membrane from a_ reference 
plane according to the locations of the 
poles and zeros of G(s). In control 
problems, G(s) = G,(s) Ga(s) is a 
loop transfer function consisting of a 
rational part G,(s) and a transcen- 
dental part G,(s). Being rational, 
G,(s) can be factored to yield ex- 
plicitly the location of its poles and 
zeros (see “Using the Root Locus”, 
CtE, October °59, pp. 96-102). 

Thus, by displacing an elastic mem- 
brane upwards at the poles and down- 
wards at the zeros of G,(s), its surface 
represents In G,(s) = In | Ga(s) | + j 
arg G,(s). The contour lines of the 
surface (constant height from refer- 
ence plane) are the lines of constant 
magnitude or gain, while the stream- 
lines orthogonal to the contours are 
lines of constant phase. Poles and 
zeros of G,(s) arise from the transfer 


functions of the loop clements. Theit 
location in the s-plane is determined 
by the time constants of these ele- 
ments. G,(s) is a transcendental func- 
tion characterizing a distance velocity 
lag (DVL) or a distributed lag (DL) 
It is dificult to represent the latter, 
since a quartic surface is required for 
In e*”*. DVL on the other hand can 
be represented simply by tilting the 
entire reference plane by an angle ¢ = 
tan” (—T) to the horizontal, T be 
ing the DVL time constant. DVL 
phase lines are equidistant and parallel 
to the real axis. 

Since DVL has a greater instability 
effect than DL, only DVL is consid- 
ered hereafter. 

The locus of the two complex con- 
trol roots determining the stability of 
the associated control system is the 
path of the steepest descent from a 
saddle point on the membrane _ be- 
tween two real poles nearest the 
origin (or from two complex poles if 
they are nearest). 


A light chain with its center near 
the saddle point will take up the posi- 
tion along the path of the steepest 
descent and hence along the root locus 
when the surface is lightly tapped. 
Variations of the locus with that of 
the pole-zero configuration represent- 
ing the system can be seen directly. 

Figure 1 shows a rubber model mak- 
ing use of this theory. Small diameter 
rods displace a 0.010-in. thick, 2-ft 
diam. rubber membrane stretched over 
a steel ring and clamped by an alu- 
minum band. 

All rods at first order poles and 
zeros are shifted by the same amount 
(2 in.) from the plane of the mem- 
brane. At higher order poles and zeros, 
the shift is proportionately greater. 
The rods are steel with rounded 2-in. 
diam. aluminum tips. They are set 
and clamped to the supporting frame- 
work by adjustable clamps. 

The steel ring carrying the mem- 
brane can be rotated about an axis in 
the plane of the membrane, and then 


3. The effect on the root locus of a distance velocity 


o of e O.18 


FIG. 2, The root locus of a first order plant and two-term 
controller where G(s) = (s + 5) s (s + 3). 


added to the system shown in Figure 2 





Electro-Hydraulic Valve Actuators 
by GPE Controls offer the simplest, most 
compact, lowest-cost way to operate control 
valves from an electric signal. Model 698 


shown positions 14” double-seated valve at 


1000 p.s.i. pressure drop, with input signal 


ranges of 1-5, 4-20, or10-50 ma. Completely 
self-contained. Easy, low-cost installation. 
Position repeatability within .002” Auto- 
matic locking with power failure simplifies 
start-up of process. 
Division | construction 
for hazardous service 
is standard. Other models 


available for heavier duty. 
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GPE Controls, Inc. 
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For high-accuracy 
data logging...to checkout 
missiles or meters, to test transducers 
or transistors...checkout a 
Kin Tel digital 
system 


-like this... 


This system, one example of 
KIN TEL’S digital system 
experience, takes eight meas- 
urements at each of 7200 
different data points. Outputs 
include visual readout, 

digital printer, X-Y recorder, and 
tape punch. Tape is perforated 
for direct entry into a digital 
computer. To provide 0.01% 
accuracy for low-level inputs, 
alternate channels scan calibra- 
tion signals. These, with the 
unknown input signal, are fed 
to the computer and correction 
is made for any inaccuracy 

in the system itself. 

Cost: about $20,000. 


To find out how a KIN TEL digital system can solve your particular 
data acquisition problem, send us an outline of your require- 
ments, or contact your nearest KIN TEL engineering representative. 


...0OF like this 


This data system consists of 

a KIN TEL 453M scanner and 501 
DC digital voltmeter, plus a 
parallel entry printer. Briefly, the 
system will accept 400 one-wire, 
200 two-wire, or 100 four-wire 
inputs, and will provide both 
visual and printed indication of 
the channel being scanned 

and DC input signals from +100 
microvolts to + 1000 volts. 
Accuracy is 0.01% +1 digit, and 
ranging and polarity indication 
are automatic. The complete 
system costs approximately 
$6850. At the present time, 
delivery is off the shelf. 


5725 Kearny Villa Road, San Diego 12, California 





KIN TEL 
DIGITAL SYSTEM 
CAPABILITIES 


You can have any number of channels: 
A single 453M scanner ($2500) 
accepts 400 one-wire, 200 two-wire, 
or 100 four-wire inputs. Additional 
scanners can be added if more in- 
puts are required. 


You can measure DC from +1 xv to 
+1000 volts: The KIN TEL 501 DC 
digital voltmeter ($2995 ) measures 
from +100 uv to +1000 volts. Addi- 
tion of a KIN TEL digital preampli- 
fier increases sensitivity to 1 nv DC. 


You can measure AC from 10 xv to 
1000 volts: Addition of a 452 AC con- 
verter ($850) to the 501 DC digital 
voltmeter permits measurement of 
RMS AC voltages from 1 mv to 1000 
volts in the frequency range of 30 
cps to 10 kc. A KIN TEL preamplifier 
can be added to increase AC meas- 
urement sensitivity to 10 nv from 
30 cps to 2 ke. 


You can measure voltage ratios: The 
507B digital voltmeter /ratiometer 
($3835 ) measures DC voltages from 
+100 zv to +1000 volts and DC/DC 
ratios from .0001.1 to 999.9-1. 
Accuracy is 0.01% +1 digit. Addi- 
tion of appropriate converters per- 
mits AC/DC and AC/AC ratio meas- 
urements. 


You can get 0.01% DC and 0.2% AC 
accuracy: The KIN TEL 502 AC/DC 
digital voltmeter ($3845 ) measures 
DC from +100 yzv to +1000 volts 
with 0.01% +1 digit of reading 
accuracy, and AC from 1 mv to 
1000 volts, 30 cps to 10 kc, with 
0.2% of full scale accuracy 


You can have 10,000 megohm input 
impedance: The KIN TEL 458A digital 
voltmeter preamplifier ($1225) has 
gain positions of 100 (for DC and 
30 cps to 2 kc AC measurement ) 
and +1 HI Z (for DC only ). On the 
+1 gain position input impedance 
is >10,000 megohms and gain accur- 
racy is 0.001%. Input range for +1 
operation is 0 to 40 volts. 


You can have visual, printed, or any 
other form of output: KIN TEL digital 
voltmeters provide visual indication 
of the measured quantity on a single- 
plane in-line readout. They are cap- 
able of directly driving commerci- 
ally available 10-line parallel input 
digital printers. Converters are avail- 
able for driving other types of print- 
ers, paper tape punches, typewriters, 
and IBM card punches. 


KIN TEL 


a DIMSION OF 
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clamped at any desired angle to the 
horizontal plane, A pointer (not visi- 
ble in the figure) is attached to the 
rim of the ring in the plane of the 
membrane, and the inclination ¢ is 
read off against a scale calibrated in 
tan @ on the supporting frame. A 
transparent Plexiglas graticule mounted 
above the ring supplies a reference 
grid for location of poles and zeros. 
Since only poles and zeros with nega- 
tive real parts are of interest, the grati- 
cule extends over the negative half 
plane only. The jw axis lies directly 
over the axis of rotation of the mem- 
brane and the origin lies above the 
center of the membrane. A Plexiglas 
arm pivoted at the origin slides over 
the graticule. A straight line (the 
“relative damping line”) engraved on 
it can be set against an angular scale 
engraved on the edge of the graticule. 
Unit length on ani: and axes is 1 in. 
In spite of the nite size and dis- 
placement of the membrane and sur- 
face distortion due to the weight of 
the chain, the approximate representa- 
tion of the function Z(s) is good 
enough to demonstrate the effects of 
parameter shifts on system stability. 


Set-up procedure 


To set up a rubber membrane solu- 
tion, proceed as follows: 


1. Split the open-loop transfer func- 
tion into its rational and transcen- 
dental parts. 

2. Factor the rational part to ob- 
tain the poles and zeros. 

3. Choose a convenient time con- 
stant and express all cther time con- 
stants in terms of the chosen one. 

4. Tilt the ring carrying the mem- 
brane (thus raising the negative real 
half plane) until the pointer registers 
the total DVL nondimensional time 
constant and clamp the ring in this 
position. 

5. Locate positions of poles and 
zeros using the graticule, and bring 
all displacement members to the plane 
of the membrane (from underneath 
at poles and from above at zeros). 

6. Shift the displacement members 
vertically 2 in. upwards at simple 
poles and 2 in. downwards at simple 
zeros. Increase the shift proportion- 
ately for higher order poles and zeros. 

The loop transfer function is then 
represented by the membrane. To ob- 
tain the root locus locate the saddle 
point nearest the origin and place a 
light chain on the membrane with its 
mid-point close to the saddle point. 
Tap the membrane lightly to make 
the chain take up the position along 
the root locus. 

To determine whether the stability 


and transient response of the system 
are satisfactory, express these — 
tions as a condition on the location 
of control loops in terms of the rela- 
tive damping ¢ and the natural fre- 
quency s, of the system (expressed in 
terms of the selected time constant). 
Position the arm against the required 
value on the scale of {, and observe 
whether the chain lies vertically be- 
low the point on the arm specified by 
s,. If it does, the specifications are 
met assuming the required loop gain 
is available. 

If the chain does not lie below the 
point on the arm, manipulate the rods 
representing the parameters under de- 
signer’s control to bring it there. The 
values of these parameters can then 
be read off using the graticule. 

A locus for a system consisting of 
a zero and two poles, such as a first 
order plane and a proportional plus 
integral controller, is shown in Fig- 
ure 2. Here G(s) = (s + 5)/s(s + 
3). Figure 3 shows the effect on the 
locus of an additional DVL of the 
value e°™ 

For a particular configuration of 
poles and zeros an (imaginary) sec- 
tion along the jw axis of the membrane 
represents the log gain/frequency re- 
sponse of the system. The frequency 
scale in this case is linear. 


Transfluxor Analog Memory 


MURRAY KRAUS, Applied Science Corp. of Princeton 


The transfluxor ferrite memory core 
developed by RCA _ Laboratories 
(Reference) has been adapted by the 
Applied Science Corporation of 
Princeton (ASCOP) for use as an 
analog memory in their industrial 
pulse-width telemetering system. In 
this system a de voltage V,, represent- 
ing a measured value, is sampled for 
ts sec every few seconds (see dia- 
gram). The memory provides a con- 
tinuous output signal V, identical to 
the last received sample. 

The transfluxor is essentially a 
variable transformer. The ratio of the 
primary current from the ac supply 
to the secondary voltage into the rec- 
tifier can be altered by changing the 
coupling between the two windings. 
This coupling is a function of the 
magnitude and polarity of the last im- 
pressed de voltage E (which can be 
removed) on the transfluxor’s third 
winding. ‘The transfluxor’s nonlinear- 
ity and temperature instability are 
made negligible by negative feedback. 


In the telemetering system, switch 
S closes when the sample voltage is 
received. If signal V, differs from the 
existing memory output V,, an input 
voltage AV is present. The output 
voltage E from the amplifier increases 
rampwise from zero with a polarity 
dictated by the sign of AV. This 
voltage progressively changes the 
coupling to make V, approach V,. 


Periodic 
sampling 
signal 


— 
> 





When the two are identical (well 
within the xo sec sampling time al- 
lotted) the ramp action ceases and 
switch S reopens. 

In the actual system, one amplifier 
sets several memories by sequential 
switching of samples. 

REFERENCE 
THE TRANSFLUXOR, Rajchman and _ Lo, 
“Proceedings of the IRE”, March 1956. 
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OFFNER 
ALL TRANSISTOR the most versatile . . . most sensitive direct writing unit available 





TYPE §& DYNOGRAPH 


Illuminated canopy 


Type 9800 series input couplers provide all input, control 
and balance functions. Input available both front and rear. 


Type 481 Preamplifier provides sensitivities 
from one microvolt to 5 volts per mm. 


Type 482 power amplifiers—may be used without 
preamplifiers for up to 10 mv/cm sensitivity 


Zero suppression control 


Combining all these features... 


e stable d-c sensitivity of one microvolt per mm 
e true differential input 

¢ high input impedance 

e response to beyond 150 cps. 


e reluctance, differential transformer, strain gage with 
a-c or d-c excitation, thermocouples, etc., used with 
all preamplifiers 

e deflection time less than 1.5 milliseconds 
(2.5 ms with preamplifiers) 

fixed precision calibration 

e instant warm-up 

* precision source for d-c and 400 cycle excitation, 
self-contained 

¢ zero suppression, twenty times full scale, 
both directions 
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504-A paper drive—speeds 
from 1 to 250 mm/sec. Elec- 
trical speed shift 1 to 250 
mm per minute available. 
Zero weave high precision 
drive, 850 ft. capacity (heat 
or electric) 1500 ft. (ink). 
Front loading, with full un- 
obstructed record visible 
from front. 











Pneumatic Controls Refuel 


ROBERT L. BECKTEL 
RALPH H. LEBOW 
Parker Aircraft Co. 


Conventional piston engine air- 
planes are refueled from fuel trucks 
via wing-top openings, a satisfactory 
practice for aircraft that need a maxi- 
mum of 6,000 gallons of fuel. New 
jet airplanes, however, can carry three 
to five times more fuel. Tank trucks 
for jet refueling would have to carry 
22,000 gallons and their initial cost 
and roadability would make them im- 
practical. Also refueling would be too 
slow and costly because the jets would 
be on the ground too long. As a re- 
sult, the problem of refueling huge 
jets can only be solved with high speed 
pressurized techniques in which fuel 
is loaded aboard the airplanes at flow 
rates up to 1,200 gpm. 

The jet refueling system must also 
be extremely versatile. The range of 
commercial turbine transports which 


Jet Aircraft 


nature of a fueling system precludes 
electrical control elements. 

Control of system pressure and flow 
is provided by the pressure control 
valve shown in Figure 2. This valve 
employs a dual retractable swing 
“flapper” for uniform control over a 
wide flow range, the center plug open- 
ing first for small flows and the entire 
flapper for larger flows. 


Pressure control 


The pressure control valve setting 
is maintained by two servovalves which 
respond to pressures provided by 1) the 
regulated air pressure source which 
sets the desired fuel pressure by estab- 
lishing a reference pressure level and 
2) the fuel sensing line which moni- 
tors the fuel pressure at a venturi 
mounted on the hydrant vehicle. 

As air pressure from the regulated 
supply on the hydrant vehicle is ini- 


Level control float valve. 


~ 





ially applied to the system, the fast 
closing servopoppet closes and the 
regulator servopoppet opens. Pressure 
from the main diaphragm chamber 
bleeds downstream through the regu- 
lator servopoppet allowing the dual 
retractable flapper valve to open slowly. 
Rate of opening of the main valve is 
controlled by regulating the bleed rate 
by a needle valve in the line connect- 
ing the main diaphragm chamber with 
regulator servopoppet. 

When the fuel pressure sensed at 
the venturi matches the preset regulat- 
ing air pressure, the regulator servo- 
poppet moves in a closed direction and 
restricts the flow from the main dia- 
phragm chamber. This causes the main 
diaphragm chamber pressure to more 
nearly approach upstream pressure and 
throttles the valve to maintain preset 
regulated pressure at the venturi, 
the sensing and control location. 


: ‘ ei “a 
will soon service the public includes Fuel tanks 


Fuel tanks 


on —_ 


count, and Vanguard; America’s Boe- 
ing 707, Douglas DC-8, Convair 880, 
Lockheed Electra, and Fairchild F-27; 
and France’s Caravelle. Each of these, 
and even different carriers using the 
same aircraft, may prefer pumping fuel 
aboard at different pressures. ‘Thus, 
pressure control over a wide range of 
fueling rates is one of the prime requi- 
sites in the refueling system. Flow 
rates of 15 to 600 gpm and pressure 
control of 30 to 50 psi have been de- 
signed into the new, all-pneumatic 
ground refueling system developed by 
Parker Aircraft Co. for static, hydrant- 
type operations and also being built 
for mobile tank-truck installations. 
Figure 1 shows the elements of the 
refueling system in a typical hydrant- 
type operation. Fuel is transferred 
from underground storage _ tanks 
through the pressure control valve to 
the hydrant vehicle where the meter- 
ing equipment, filters, and hose reels 
are located. Connections are made to 
underwing fueling adapters with spe- 
cially designed underwing nozzles. A 
distribution manifold in the aircraft 
feeds the fuel to the several tanks 
where level control valves insure that 
the tanks do not overfill. In addition, 
a low overshoot in the event of emer- 
gency shut-off had to be provided. The 
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FIG. 1. 

Refueling system measures 
pressure at hydrant vehicle 
venturi to control hydrant 
valve. 
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FIG, 2. 

Fast opening pneumatic servo 
at left prevents fuel spillage 
in emergencies; regulating 
servo at right controls preset 
pressure at measuring venturi. 
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TO THE ENGINEER 


looking for an airtight case 


Need relays or stepping switches that will 
stay fresh as daisies—even in environments 
of high humidity, gritty dust, or extremes of 
temperature or pressure? You can get them, 
securely housed in ideal atmospheres of their 
own. 


AE makes an airtight case out of every job by 
completely evacuating the prewired assembly, 
replacing the air with a dry, inert gas to a 
pressure of at least one atmosphere, and tightly 
sealing the housing. Then we test it, and if there’s 
a single, tiny leak — enough to pass 1 cc of air in 
30 years—we reject the assembly! Here’s real 
protection from adverse environmental conditions 


(from tampering, too). 


Ask for AE’s Catalog 4083 on Hermetically 
Sealed Enclosures. It shows the wide variety 
of housing sizes and shapes available—with 
hook terminals, socket or cable plug-ins, or 
special printed-circuit connectors. Into these 
housings AE will put relays and switches 
assembled and wired to your specifications— 
or we will design and deliver complete con- 
trol packages or systems. Chances are we 
can do the job at less cost, too. 


If you have a sticky control problem, just 
write the Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. Jn 
Canada: Automatic Electric Sales (Canada) 
Ltd., 185 Bartley Drive, Toronto 16, Ontario. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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Subsequent variations in the sensed 
fuel pressure reflecting changes in flow 
conditions (such as airplane tanks 
shutting off) generate movements in 
the regulator servopoppet. The regu- 
lator servo acts to alter bleed from the 
main diaphragm chamber such that 
positioning of the main flappers re- 
stores the sensed pressure to that pre- 
set. 

Due to a bias spring in the regulator 
servo, the fast closing servo requires 
approximately 3 psi higher fuel sense 
pressure to operate. Thus, for a rise 
in downstream pressure too fast for 
the regulator servo (indicative of a 
major restriction in the fuel system), 
the fast closing servopoppet opens 


when the pressure reaches approxi- 
mately 3 psi above the preset pressure. 
As the fast closing servopoppet opens, 
upstream pressure enters the main dia- 
phragm chamber, rapidly moving the 
main valves in a closing direction to 
prevent over-pressurization of the sys- 
tem downstream of the regulator, A 
similar sequence occurs should the 
regulated air pressure be cut off by the 
“deadman” valve. Tests show that 
closing time is less than 1 sec with 
only 10 gal of fuel in overshoot. 
The fuel line pressure is sensed at 
the hydrant vehicle. If the pressure at 
this point were fed back to the pres- 
sure control valve, the system would 
neglect the pressure loss between the 
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vehicle and the aircraft. ‘To correct 
this condition, the venturi is tapped 
at the inlet and the throat and the taps 
joined at a tee fitting. Each tap is 
fitted with a needle valve. By adjust- 
ing the needle valve the pressure at 
the tee can be set to equal the pressure 
desired at the aircraft. Once the 
needle valves have been set, they need 
no adjustment because the pressure 
drop through the venturi exactly 
matches the line loss as a function of 
flow rate. 


A Hall Effect DC Resolver 


LOUIS E. FAY, III 
Research Laboratories Div., 
Bendix Aviation Corp. 


An ac resolver is easily made using 
inductive coupling to obtain the sine 
and cosine terms. A dec resolver is 
more difficult to make. Special taper 
potentiometers which are expensive, 
cumbersome, and somewhat short- 
lived are used to get the sine and 
cosine terms. The Hall effect has 
been used to make a cheaper, more 
reliable de resolver. 

The Hall effect is a galvanomagnetic 
effect which is the solid-state analog 
to the magnetic deflection of the elec- 
tron beam in a television tube. An 
electric current I, is passed through a 
crystal in a direction perpendicular 
to a magnetic field B. The crystal is 
usually a‘ thin rectangular plate ori- 
ented as in Figure 1. The current car- 
riers, either electrons or holes, are 
deflected in a direction mutually per- 
pendicular to both I, and B. Some of 
the deflected carriers pile up at the 
edges of the crystal and generate an 
electric field which opposes the mag- 
netic deflection. When the electric 
field equals the magnetic force, an 
equilibrium voltage is established 
across the edges of the crystal, which 
voltage is described as 
10° Ry I,B 

t 
where I, is in amperes, B in gausses, 
t is the thickness of the crystal in cm, 
and R, is the Hall coefficient meas- 
ured in cu cm per coulomb. R, de- 
pends upon bulk properties of the 
crystal such as resistivity and carrier 
mobility. Correction factors for crys- 
tal geometry and electrode size can be 
absorbed into Ry. Commonly used 
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FIG. 1. The Hall effect produces a voltage Va on 
a crystal as a function of field B and current I+. 


materials with high R, values are sili- 
con, germanium, indium antimonide, 
and indium arsenide. 

To make a de resolver, two identical 
Hall crystals were mounted on a shaft 
in a uniform magnetic field so that 
the current axes of the crystals were 
parallel to the axis of rotation of the 
shaft and the voltage axes of the crys- 
tals were mutually perpendicular and 
also perpendicular to the shaft axis, 
as in Figure 2. By passing a constant 
current I, through the two crystals 
in series, the Hall voltage from each 
crystal becomes primarily a function 
of the effective magnetic field, B,,,, 
which varies sinusoidally as the crystal 
rotates and intercepts more or less 
of the field in the plane of the elec- 
trodes. Thus in Figure 2, 

Vi = kBmaz CoS 0 and V2 = kBmaz sin @ 
which are the two voltage components 


Magnet fio | 








FIG. 2. A de resolver using the Hall effect 
to generate orthogonal voltages V; and Vs. 


desired of a resolver. The term k is a 
constant over a limited range depend 
ing on the geometry and material of 
the crystal and the temperature. 

The major objection to this resolver 
is that V, and V, vary sinusoidally 
about two different de levels that de- 
pend on I,. In other words, the mutu- 
ally perpendicular current and voltage 
circuits are not isolated for dc. One 
solution is to supply I, for the crystals 
from a floating de supply; batteries 
are practical in a transistorized system 
for example. 

Resolvers using indium antimonide 
crystals have produced peak-to-peak 
output voltages of 200 mv in a field of 
2,700 gausses. Standard resistance 
compensating circuits were used to 
make the output zero for B,,, 0) 
and to calibrate the maximum output 
to the scale desired. 





AT IBM, RAPID RECOGNITION AWAITS those engineers who can 
improve computer manufacturing by applying new advanced tech- 
nological developments. Typical assignments now open include... 


Cost Estimators and Standards Engineers to estimate manufac- 
turing and engineering costs, develop estimating standards and 
write operation sequence sheets for the manufacture of compo- 
nents and subassemblies of complex data processing equipment. 


Quality Engineers to apply modern scientific and statistical en- 
gineering methods in reviewing designs and specifications used 
in the manufacture of advanced electronic computer systems; to 
analyze product specifications in order to generate quality speci- 
fications and design statistical quality-control methods. 


Test Engineers (Electronic) to plan and execute tests for the 
evaluation of electronic computer systems; to test computer sys- 


tems and recommend design and logic changes in order to 
improve system reliability. 4 
Semiconductor (Process) Engineers to develop manufacturing 
methods and techniques for production of transistors and other 
semiconductor devices. 


VMANU- 
FACTURING 


Electromechanical Designers to design high-speed electro- 
mechanical devices. Work involves magnetic circuit analysis, de- 
sign of test circuitry, and vibration analysis. 


Careers available in these related fields: Advanced Automation, 
Industrial Controls and Manufacturing Research and Methods. 


Qualifications: B.S. or M.S. in Industrial, Electrical, or Mechani- 
cal Engineering —or equivalent industrial experience. 


Manufacturing facilities are located in Endicott, Poughkeepsie, 
Kingston, and Owego, N.Y.; Rochester, Minnesota; Burlington, 
Vt.; Lexington, Ky.; and San Jose, California. 


Write, describing background and qualifications, to: 
Mr. R. E. Rodgers, Dept. 541L 

IBM Corporation 

590 Madison Avenue 

New York 22, New York 


INTERNATIONAL BUSINESS MACHINES CORPORATION 
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NEW PRODUCTS 


VERSATILE TRANSDUCER LINE 
based on time-tested component. 


By adding mechanical actuators to its time-tested line of 
Regohm circuit controllers, Electric Regulator Corp. has 
come up with a variety of extremely reliable electro- 
mechanical transducers for industrial and process control 
applications. 

Simplified schematic at the right illustrates the operation 
of a typical 10-finger model. Unit contains a rigid assem- 
bly consisting of the armature, actuator, and tapered lift 
bar. This entire assembly is attached to a flexural pivot 
so that when the actuator moves down, the lift bar rises. 
In the position shown, all but one of the resilient fingers 
are depressed, leaving nine of the ten resistors in series with 
the controlled circuit. As the lift bar rises in response to an 
increased input, additional contact pairs close and se- 
quentially short out more of the total resistance. Travel 
for full output range measures 4 in. at the point of connec- 
tion to the actuator. Actually, the control resistors are 
housed in a separate box and can be furnished for either 
series or perallel connection to the controlled circuit. Vari- 
ous resistance values may be specified to provide any de- 
ired transfer curve. 

Also shown in the schematic is a dither coil magnetically 
coupled to the armature. This serves two functions: 1) it 
supplies a 60-cycle dither that smooths out the transfer 
curve by providing average values of resistance between 
the discrete steps, and 2) it balances the reference springs 
so that only a 10-gram input force is required at the actu- 
ator. This same coil can also be designed to handle a 
variable electrical signal. In this case the controlled circuit 
would respond to the sum of both the electrical and 
mechanical inputs. 

Chief advantage of these units is their power handling 
capability. A single 20-finger model with its associated 
resistor chassis will dissipate up to 200 watts and directly 
control circuits in the low kilowatt range. Rugged, dust- 
tight, tamper-proof construction and the complete absence 
ot brushes and bearings assure a life expectancy of up to 
100,000 hr in moderate power applications. 

Uses include the measurement and control of tension, 
position, temperature, pressure, force, etc. Units may be 
directly connected to bellows, springs, levers, Bourdon 
tubes, bimetals, or cams. Photos at the right show two of 
the many possible configurations. One unit is equipped 
with a knob for manual operation. Used with an adjust- 
able-resistance chassis, it serves as a highly flexible labora- 
tory tool. The second unit, designed to sense linear mo- 
tion, features a mating, plug-in, fixed-resistor chassis. 

In one current application two such devices have simpli- 
fied the control of a thread winding machine—one in a 
closed-loop system for measuring and controlling tension, 
the other in an open-loop system that controls motor speed 
in response to the increasing diameter of a take-up roll.— 
Electric Regulator Corp., Norwalk, Conn. 
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This ruggedized, shock and vibration-proof 


preset counter is transistorized to 


provide low power input and 


134 


trouble-free operation for 
long periods .. . sealed against 


splash, dust, and oil mist... module 
modification... small (372” x 972’x 13”) 


plug-ins for easy servicing and quick 
and light (10 pounds). . . 


insure 
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NEW PRODUCTS 


DATA HANDLING 
& DISPLAY 


FLIGHT DATA SYSTEM 


Developed jointly by Douglas Air- 
craft and CEC’s Datalab Div., a new 
high speed data handling system ac- 
quires and evaluates flight data in one 
sixth the time previously required. 
This system consists of three stations: 
an airborne acquisition station, a mo- 
bile ground control and recording sta- 
tion, and a computer input station lo- 
cated at the Douglas plant and shown 
in the photo above. Outstanding fea- 
tures of the system are its high sam- 
pling rate of up to 55,000 measure- 
ments per sec and its ability to pack at 
least 1,000 data measurements per lin- 
ear in. of tape-—Consolidated Electro- 
dynamics Corp., Pasadena, Calif. 
CIRCLE 281 ON REPLY CARD 


MODULAR DESIGN 


Photo above illustrates the clean de- 
sign of a brand new digital computer, 
the Model 1604. A fully transistorized, 
large scale, general purpose machine, 
the 1604 features modular construc- 
tion with an unusual degree of circuit 
standardization. A_ total of 7,000 
printed circuit cards are used in a 
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LINAGRAPH 
PERMANIZING 


NEW FROM KODAK 


DEVELOPER 


“~~ Three good instrument manufacturers, dear friends of ours, have 
been pushing for all they’re worth a type of oscillograph that puts out a 
visible record instantly, without chemical processing. Maybe you have one 
or a bank of them. They’re terrific. They use Kodak Linagraph Direct Print 
Paper. Occasionally—maybe often—you get a record that you wish had the 
long life that chemical processing gives. Now you can have your cake and 
eat it. Just dissolve this new powder in a gallon of hot water, dunk as di- 
rected, fix, wash, and dry. No darkroom needed. Your Kodak dealer has it 
right now. 


Photo Recording Methods Division, EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
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single 1604. Main cabinet (at the 

right) houses all arithmetic and con- 

trol sections as well as a 32,768-word 

ae Beit magnetic core memory. This cabinet 
= | measures 74 ft long and 54 ft high, 
weighs 2,200 Ib, and consumes 4 kw. 

The Model 1607 tape system (upper 
Py left) is of similar dimensions and 

power consumption, and is designed 

for use with the 1604. A Model 1605 

adapter can be provided to permit 

communication between the com- 

puter and a variety of IBM peripheral 

| % | equipment. Applications of the 1604 
range from large volume commercial 

data processing and scientific prob- 

lems to defense systems control. In- 

Ps “9 oe ty icubatan toe ee, tended industrial applications include 
u rs real time instrumentation for process 


ssure Dalance control and automatic test data reduc- 
as easi e in win nnel pressure tion.—Control Data Corp., Minne- 
And the apolis, Minn. 
— CIRCLE 282 ON REPLY CARD 
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DRY STYLUS RECORDER 


| 

| 
Powered by a spring-wound clock 
, | we movement, this low cost recording 
q thermometer provides an excellent 
means of recording time-temperature 
) ees ; data in both mobile and stationary ap- 
plications. Small enough to be packed 
| . hes with goods in transit, the device will 
5 record in any position. The thermom- 
ee | eter uses a dry stylus—no ink to spill, 
freeze, or run. ‘Two _ temperature 
‘ ranges are available: 20 to 220 deg 
F or minus 40 to 160 deg F. Chart 
time is either 24 hours or 7 days. Unit 
sells for $37.50—The Pacific Trans- 

sie ducer Corp., Los Angeles, Calif. 
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PRECISION PLOTTER 


The HR-94, a 24 x 36 in. X-Y re 

t CE corder, is designed to operate from 

i ; differential transformers and may be 
4 , used to plot small mechanical move- 
ments or any related variables which 


can be converted to mechanical move- 
ments. The new plotter features an 
l'ransducer Division <— CIRCLE 136 ON READER SERVICE CARD 
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at Sika Chemical— 


REACTORS CONTROLLED WITHIN 0.1 pH 
by Foxboro DYNALOG’* Recorder-Controllers 


At Sika Chemical Corp., Passaic, N. J., 
control of pH in reactors is of vital con- 
cern in manufacturing “Plastimet,” Sika’s 
widely-used concrete densifying additive. 

Sika finds Foxboro Dynalog Recorder- 
Controllers perfect for the job. Dynalog’s 
smooth variable air capacitor (which 
replaces troublesome step-by-step slide- 
wires ) responds instantly to the smallest 
change in pH value. A Rotax on-off con- 
trol unit then initiates addition of enough 
caustic soda to return reactor pH to set 
point. 

Sika reports maintenance on their 
Dynalogs has been almost nil. One tube 
*Reg. U.S. Pat. Off. 


replaced in three years. No lubrication 
...no cleaning...no dry cells to stand- 
ardize or replace. “In fact,” says process 
engineer Gordon Morrison, “we're so con- 
fident of Dynalog’s performance that our 
reactors run right through the night — 
unattended.” 

Dynalog Electronic Recorders—Control- 
lers—Indicators deliver accurate, sensi- 
tive, measurement not only of pH, but of 
dozens of other variables as well. Get full 
details by writing for Bulletin 20-10. The 
Foxboro Company, 8512 Neponset Ave., 
Foxboro, Mass. 


OXBOR 


REG. U.S. PAT. OFF 


DYNALOG ELECTRONIC INSTRUMENTS 
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——o td adjustable multiplication factor that 


permits as much as a 1,000 to | am- 
: plification of mechanical motion with 

makes the . a total error of less than 0.15 percent. 
2 Normally the instrument uses 24 x 

: 36-in. drawing sheets or 24-in. roll 

> stock graph paper, but a dual vacuum 

i erence hold down system also permits the 
use of half size sheets. A_ built-in 
tuning fork oscillator provides 400-cps 
in the i rs power for the signal, reference, and 
ie —_ rebalance circuits. The servosystems 

operate on standard 50- to 60-cps line 


Thermo frequency. Pen speed with standard 
® 


Eh . servo is 2 in. per sec. Higher pen 

tro ' speeds and electronic subassemblies to 
ec ie Indicating Recorder accommodate low level dc inputs are 
available as optional features.—Hous- 


No matter what your application, you can rely on Thermo Electronic Record- ton Instrument Corp., Houston, Tex. 


ers for unsurpassed accuracy, sensitivity and stability. Both potentiometer : 
and bridge types are available. These instruments will automatically indicate Circle No. 284 on reply card 
and record any process variable (temperature, humidity, pH, conductivity, 
power, strain, etc.) that can be converted to a voltage or resistance change. 
Instrument accuracy is + 0.25% of full scale, sensitivity is + 0.125% 
and full scale pointer and pen travel is 5 seconds. The 34” scale and in- 
dicating pointer are clearly visible from a great distance. 


In use, you get a continuous fine-line circular chart record of your process. 
Recording pen rarely needs refilling. Easily interchanged ranges permit 
recording of an almost unlimited variety of process variables. 


The heart of the Indicating Recorder is the exclusive Thermo Electronic 
high-gain servo-amplifier, which couples exceptional stability (+1 microvolt) 
with extreme sensitivity. It will maintain operating characteristics even 
under the most adverse conditions. This guarantees consistently accurate 
performance in recording your process functions. Fulk sensitivity of the 
amplifier is used in standardization. Two or three position controls, or up to 
six alarm contacts are optional. Built-in fail-safe action is standard. 


Your recording requirements can™"best be met with Thermo Electronic 
Instruments. 


SMALL BUT POWERFUL 


Split second answers to scientific and 
engineering problems are provided by 
this IBM 1620 data processing system. 
Part of the system is a small transis- 
torized computer which can perform 
more than 100,000 calculations per 
min. Requiring little more space 
than the average desk, the system op- 
erates under the direction of an in- 
ternally stored program and is particu- 
larly suited for applications like high- 
way cut-and-fill and bridge design, oil 
pipe-line transmission and product in- 
ventory, petroleum blend evaluation, 
power requirements analysis, etc. Fea- 
tures include 2,000 digits of mag- 
netic core storage with variable field 
length and immediate accessibility, 
paper tape input, and electric type- 
sy adi ; writer output. Two advanced pro- 
Convenient access to all components provided by functional design. gramming systems and a library of 
routines simplify programming. Sys- 
ss tem will rent for $1,600 per mo and 
Th ° Se en sell for $74,500.—International Busi- 
erymead ectric CO., INC. NEW JERSEY ness Machines Corp., White Plains, 


In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ontarlo N. Y. 


Write today for Catalog 66-B 
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1,000 Coram’ Thermocouples. 


Safeguard New Multi-Million Dollar 
_ Petrochemical Complex 


: iH 
‘ 

















CERAMIC INSULATION CONDUCTORS SHEATH 








“CERAMO-COUPLE” 





At the Lake Charles, La. plant of Petroleum Chemicals, Inc., controlling 
temperatures from 300° below zero to over 2000° F. is critical. Thermocouples 
installed throughout the plant must withstand corrosive atmospheres, high 
pressures, and high velocity gas streams. Despite this “rough treatment”, 
these thermocouples must be long-lived to cut costly down-time. They must be 
accurate and sensitive to eliminate the possibility of malfunction. 




















Small temperature deviations might upset a complete process-—without 
reliable sensing elements, untold damage could result. 





To assure protection of their installation—including the world’s largest 
ammonia plant reactor, Petroleum Chemicals, Inc., chose Thermo Electric 
*“CERAMO-COUPLES”. They particularly like “CCERAMO” because they 

» have been able to depend on the inherent superiority of the ceramic insulated, 
metal sheathed thermocouple wire, for long in-service life, and continuous 
accuracy. 








*“CERAMO”, introduced by Thermo Electric in 1951, is now recognized as 
an industrial standard for temperature sensing elements . . . many thousands 
of “CERAMO” thermocouples are being used in installations throughout the 
world. 


Years of specialization in the design and manufacture of “CERAMO” thermo- 


} couples enable us to offer a product of consistently high quality. Our ex- 


perience with thousands of specific applications has given us a vast knowledge 
of the product’s proper use in industry. . 


Write for catalog 34-B 


i | Thermo Electrie v.10. 5 22% 








tn Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ontario 
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a WAT 3” low pressure gouges, Individuelly cali. 
brated, are checked against a precision standard, 


A 6” gauge for easy readout is also available.> 


MEASUREMENTS 
WITH 
PRECISION 


W&T low pressure gauges bring 0.3% 
accuracy, rugged portability to your job 


Calibration checked and double-checked . . . so you know the 
gauge is right when you record a reading. And W&T pressure 
gauges stay accurate in spite of rough handling. You can use 
them right on the job—still have laboratory accuracy. 


These gauges are in stock now. For information write Dept. A-122.28 


service: gauge pressure; differential sineshinas vacuum determinations; or as compound 
pressure-vacuum gauges with zero center; accuracy: 1 part in 300; sensitivity: 1 part 
in 500; minimum range: 0 to 10 inches H20; maximum range: 0 to 400 inches H20; 
intermediate ranges of pressure or vacuum in any pressure equivalent are also available. 


VAV/.4 in od <a, ed Pn (Ol @) 1-1) 2-08 8) 
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is your feeding problem 
peculiar to your operation? 


Wallace and Tiernan’s volumetric feeders are 
so flexible that each job is practically custom built. 
W&T’s experience is broad enough to meet any challenge. 
Try us -for information write Dept. MV-1.28 
WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9,NEW JERSEY 
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RESEARCH, TEST 
& DEVELOPMENT 


z 


MULTIPLE INPUTS 


As many as five pickup heads can be 
used with Metron’s newest torque- 
meter. A single selector knob couples 
the pickup to the meter while indi- 
vidual calibration knobs permit sepa- 
rate zero adjustment of each head. 
Available ranges cover torques from 
0.1 to 500 oz-in. Readings are inde- 
pendent of shaft speeds between 50 
and 24,000 rpm. Meter accuracy is 
said to be within 2 percent of full 
scale. Overall design provides protec- 
tion against overloads as high as twice 
the rated load.—Metron Instrument 
Co., Denver, Colo. 
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AUTOPILOT ANALYZER 


Developed to provide a fast, accurate 
check on the performance character- 
istics of advanced automatic pilot sys- 
tems, the Model 5800 Servoflight 
Autopilot Analyzer represents a spe- 
cialized version of this company’s 
servosystem analyzers. The instru- 
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Explorer VI 
ke 


- 


_-$pace laboratory 
"orbiting 
around 
the 
hs ~ earth 


with ~~~-~_ 
paddles 
capturing 
sunlight 
for 

power 


The scientific data that will some day enable How ? Because Explorer VI's 132 pounds of 
us to probe successfully to the very fringes of electronic components are powered by storage 
the universe is being recorded and transmitted batteries kept charged by the impingement 


at this moment by the space laboratory of solar radiation on 8,000 cells in the four 
Explorer VI, a satellite now in orbit around sails or paddles equivalent to 12.2 square feet 
the earth @ This project, carried out by Space in area @ Many more of the scientific and 
Technology Laboratories for the National technological miracles of Explorer VI will be 
Aeronautics and Space Administration under reported to the world as it continues its epic 
the direction of the Air Force Ballistic Missile flight. The STL technical staff brings to this 
Division, will advance man’s knowledge of: — ver aa the same talents sire —_ 
provided systems engineering and over-a 

The earth and the solar system ...The magnetic - dinathiass saan 405A to the Sis eee 
Programs including Atlas, Thor, Titan, 
Minuteman, and the Pioneer I space probe. 


field strengths in space... The cosmic ray 
intensities away from earth...and, 
The micrometeorite density encountered in 


inter-planetary travel @ Explorer VI is the Important staff positions in connection with 
most sensitive and unique achievement ever these activities are now available for 
launched into space. The 29” payload scientists and engineers with outstanding 

cite capabilities in propulsion, electronics, 
STL designed and instrumented by STL _ thermodynamics, aerodynamics, structures, 
cooperation with the universities, will remain 


astrophysics, computer technology, and 
“vocal” for its anticipated one year life. other related fields and disciplines. 


and resumes 


Space Technology Laboratories, Inc. invited 


P.O. Box 95004 
Los Angeles 45, California 


7 Inquiries 
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GLENNITE THERMISTOR DESIGN IDEAS NO 
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How to take the heat off computers 


Dissipation of heat in computers is a basic problem usually invelving 
trouble-free blowers and a fool-proof safety system. 

By employing Glennite Thermistors, some computer engineers have 
found a way of providing this protection with greater economy and 
security. Thermistors are temperature sensitive resistors with negative 
coefficients of resistance. 

In this application, thermistors are operated in the self-heated range. 
As long as air flows past the thermistor, its resistance remains suffi- 
ciently high to keep the relay open. Should the blower system fail, the 
thermistor temperature would increase thereby decreasing in resist- 
ance. Increased current in the circuit would close the relay and turn on 
indicator light, turn off power or perform any other desired action. 

Advantages: thermistor replaces more expensive switching device, 
eliminates use of moving parts—possibility of mechanical failure, 
proves safer, more econorical. 

Air flow detection is only one of any interesting applications for 
Glennite Thermistors. Other uses include time delay, temperature con- 
trol, liquid measurement, fire control, etc. 

Glennite wafer, bead and rod thermistors are available in a variety 
of resistance values, temperature coefficients and sizes to help you 
evaluate circuit problems. They may be obtained from your local dis- 
tributor, or from Gulton Industries in bulk quantities. 








Custom Made 
Thermistors 
To Your 
Specifications 


Gulton will supply therm- 
istors te your specifica- 
tions with resistance 
values from 1 ohm to 10 
megohms and tempera- 
ture coefficients of 
resistance to —6.8% per 
degree C. Temperature 
range: —60° to +500°C. 


ne! =. Test Your Ideas With 
<<: SSS A Glennite Experimenter's 
Thermistor Kit 


An inquiry on your company letterhead will 
make available to you a Glennite Experimenter’s 
Kit for $14.95. For those engineers who have had 
some experience with thermistors, comprehensive 
kits are available for $49.95. For complete infor- 
mation, write directly to Guiton Industries, Inc. 


en ee ee 











MATERIALS & CERAMICS DIVISION, Metuchen, New Jersey 


ulton Industries, Inc. 


In Canada: Titania Electric Corp. of Canada Ltd., Gananoque, Ont. 
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ment features self-generated test sig- 
nals, direct amplitude and frequency 
settings, and frequency accuracy with- 
in 3 percent of the actual setting. A 
3-position range selector switch pro- 
vides full dial frequencies of 0.02 to 
0.2 cps, 0.2 to 2 cps, and 2 to 20 cps. 
Weighing only 30 Ibs, the unit is well 
suited for field use.—Servo Corp. of 
America, Hicksville, N. Y. 


Circle No. 287 on reply card 


MAKES FIELD TESTS 
Designed for field use but accurate 
enough for high levels of maintenance, 
the Type 13819-2-A test set accurately 
checks synchronous transmitters, re- 
ceivers, servoed synchro-instruments, 
and synchro differentials for electrical 
zero and calibration and provides a 
functional check of low-inertia servo- 
motors. It weighs just a little over 23 
Ibs. and measures 9x11x18 in. Accu- 
racy is within 10 min of arc, and its 
fine dial is calibrated in 6-min. incre- 
ments. Set operates on a 115-volt, 400- 
cycle, single phase supply.—Eclipse- 
Pioneer Div., of Bendix Aviation 
Corp., Teterboro, N. J. 

Circle No. 288 on reply card 


IMPROVED PERFORMANCE 


An extremely sensitive miniature cam, 
spring loaded for positive adjustment, 
has replaced a potentiometer as the 
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BASIC 

BUILDING 

BLOCKS 

FROM KEARFOTT | 


FLOATED RATE 
INTEGRATING 
GYROS 


Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su- 
perior to any comparably- 
sized units on the market. 
Hermetically sealed within 
a thermal jacket, these gy- 
ros are ruggedly designed 
and completely adaptable 
to production methods. Per- 
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions. 
TYPICAL CHARACTERISTICS 
Mass Unbalance: 
Along Input Axis: 1.0°/ hr 
maximum untrimmed 
Standard Deviation (short term): 
Azimuth Position: 0.05°/hr 
Vertical Position: 0.03°/hr 
Drift Rate Due to Anisoelasticity 
Steady Acceleration: 
015°/hr./g?_ maximum 
Vibratory Acceleration: 
.008°/hr./g? maximum 
Damping: 
Ratio of input angle to 
output angle is 0.2 
Characteristic Time: 
.0035 seconds or less 
Weight: 0.7 Ibs. 
Warm-Up Time: 
10 minutes from —60°F 
Life: 1000 hours minimum 


Write for complete data. 


Time Index Digitalizer 


Precise Angle Indicator 


BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


20 SECOND 
SYNCHRO 


This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today’s data trans- 
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By propér impedance, 
matches up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 


TYPICAL 
CHARACTERISTICS SIZE 25 


Control 
Transmitter Transformer 


75161-001 25151-003 


Type Resolver 
Part Number 
Excit. Volts 

(Max.) 115 90 

Frequency (cps) 400 400 

Primary imped. 400/80°  8500/80° 

Secondary imped. 260 80°  14000/80° 

Transform. Ratio 7826 1.278 

Max. Error fr. E.Z. 20 seconds 2C seconds 

Primary Rotor Stator 


Write for complete data. 


Size 8 Integrating 
Motor Generator 


Engineers: Kearfott offers challenging opportunities in 
advanced component and system development. 
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BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


MINIATURE 
VERTICAL 
GYRO 


Provides accurate vertical 
reference in the form of 
two 400 cps synchro signals 
proportional to sine of gim- 
bals’ displacement about 
pitch and roll axes. Gravity- 
sensitive vertical refer- 
ence device provides elec- 
trical signals directly to 
torque motors which main- 
tain gyro spin axis perpen- 
dicular to earth’s surface. 
Hermetically sealed and im- 
pervious to sand, dust, sun, 
rain, salt, spray, humidity 
or fungus as specified in 
MIL-E-5272A. 


TYPICAL 
CHARACTERISTICS 


Free Drift Rate 
Within 0.5° in one minute time. 


Shock: 
The gyro operates satisfactorily 
without damage after 60g shock 
of .015 seconds duration. 


Hermetically Sealed: 
These instruments are hermetically 
sealed and are not affected by 
sand, dust, sunshine, rain, 
humidity or fungus conditions. 


Operating Temperature Range: 


Gyros operate in ambient tem- 
peratures below —20°C to 
+-100°C. A maximum of 3 min- 
utes of operation at 400°F will 
not damage these gyros nor 
impair their accuracy. 


Weight 
5.5 ibs. approximately. 


Write for complete data, 





s 
GENERAL 
PRECISION 
COMPANY 


Kearfot 











i 
KEARFOTT COMPANY, INC., LITTLE FALLS, WN. 3. 
A subsidiary of General Precision Equipment Corporation 
Soles and Engineering Offices: 1500 Main Ave., Clifton, N. 8. 
Midwest Office: 23 W slendor Ave., Lo Grange, Ili 
South Central Office: 6211 Denton Drive, Dallas, Texos 
West Coost Office: 253 N. Vinedo Avenve, Posadeno, Coll. 
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New General Purpose Amplifier 
3 INSTRUMENTS IN 1 


Model 2HLA-9 measures 19” wide x 7” high x 14” deep 


The new Honeywell Differential Input Indicating Amplifier, Model 
2HLA-Y, is a general purpose, low level d-c instrument. It may be used 
as an ultra-sensistive null indicator, an indicating amplifier or a pre- 
amplifier for self-balancing recording potentiometers. Reliability, simplic- 
ity, ruggedness, plus sensitivity permit use of the Model 2HLA-9 in 
virtually every location where a source of 115 volts, 50 or 60 cps is 
available. The unit may be conveniently mounted on rack or bench. 

The. Model 2HLA-9 is a magnetic-electronic instrument that pos- 
sesses the most desirable characteristics of both mechanical and electronic 
galvanometers, including high resistance to strays, overload protection and 
rapid response. Write for Technical Bulletin B-C2HLA-9 to Minneapolis- 
Honeywell, Boston Division, Dept. 34, 40 Life Street, Boston, Mass. 
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FEATURES 


INPUTS: £10, 30, 100, 300, 1000, 3000, 
10,000, 30,000 x volts. 

ISOLATED DIFFERENTIAL INPUT: For operation 
at high a-c and d-c voltage above ground 
without error. 

MAGNETIC CONVERTER INPUT: For accurate 
d-c to a-c conversion with minimum zero 
drift and high immunity to a-c ripple. 

ADJUSTABLE ZERO SUPPRESSION: +100% 
on 10 through 3000 uv ranges. 


DRIFT: £0.50 yu volt short term. 


COMMON-MODE REJECTION: 
10x104/1 or better at d-c, better 
than 250,000 to 1 at 60 cps. 

OUTPUT: £10 volts, +50 mv and 
+10 mv taps. 

OUTPUT IMPEDANCE: 1000 ohms. 

INPUT IMPEDANCE: Approx. 1000 
ehms. 

NOISE: Less than 0.1% rms 0-10 
KC, 


FREQUENCY RESPONSE: 3 db down 
at 5 cps maximum. 











Honeywell 
Fits tw Conciol 
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NEW PRODUCTS 


zero adjustment device on this rede- 
signed calibrating and weighing sys- 
tem balancing instrument. This design 
not only avoids the possibility of phase 
shift error, but also eliminates the 
need for an algebraic subtraction in 
obtaining the proper reading.—More- 
house Machine Co., York, Pa. 


Circle No. 289 on reply card 


PLUS ... 


(290) The Model NC-1200 
torized frequency standard, an- 
nounced by National Co., Inc., 
Malden, Mass., features extremely sta- 
ble outputs of 0.1 to 5.0 me. 
(291) The Federal Scientific Corp., 
New York City, now offers a line of 
real time spectrum analyzers with se- 
quential outputs. . . . (292) Parabam, 
Inc., Hawthorne, Calif. offers a new 
angle dial reader for precision semi- 
automatic reading of elevation and 
azimuth angle dials on cine theodolite 
and radar data film. 
Circle Nos. 290, 291, or 
292 on reply card 


transis- 


PRIMARY ELEMENTS 
& TRANSDUCERS 


GAS-DAMPED 


Ideally suited for aircraft and missile 
applications, this compact precision ac- 
celerometer contains a unjque gas- 
damped seismic system and provides 
highly stable, accurate, and _ reliable 
performance in severe environments. 
Units are available with ranges from 
plus or minus 1.0 g to plus or minus 
25 g. Damping is 65 percent of 
critical at 75 deg I. Operating tem- 


CONTROL ENGINEERING 





Tubexperience in action 


Bellows courtesy Clifford 
Manufacturing Company, 
Boston, Mass. 


750,000 flexures without failure 


lead to premature fatigue failure of the bellows in service. 


—a common performance record for bellows 
formed from Superior Thin-Wall Tubing 


Bellows, more sensitive than spirals and better adapted to 
accurate measurement of pressure and vacuum, or absolute 
pressure in the low and intermediate range, must withstand 
thousands of flexures without failure. The tubing from which 
they are made must be highly uniform in physical and me- 
chanical properties and must have the invariably smooth 
surfaces that contribute so much to good fatigue life. It must 
be extremely ductile—forming pressures run as high as 
5000 psi. Brazing operations used to fasten it to another 
assembly may subject it to temperatures up to 1800°F. It 
must have excellent corrosion resistant characteristics. And 
it must be free of carburization, dents and pickups that 


Thin-wall tubing of this quality—usually under .010 in. max. 
wall thickness and held to a tolerance spread of only one- 
thousandth inch—requires the skills and facilities of tubing 
specialists. Superior maintains production standards fully in 
keeping, employs special handling procedures, uses special 
controlled-atmosphere furnaces to provide the uniformly 
annealed tubing demanded. Superior tubing is produced in a 
wide range of analyses, in both Seamless and WeLDRAWN® 
types, and to specified IDs, ODs and wall thicknesses. 


Bellows tubing is just one of many types supplied by Superior. 
Available are more than 120 analyses, in a wide range of sizes, 
and meeting almost any requirement. For a good glimpse of 
the field covered by Superior, send for Bulletin 41. Superior 
Tube Company, 2026 Germantown Ave., Norristown, Pa. 


Syoervir Jude 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to Yin. OD—certain analyses in light walls up to 244 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California * FIRST STEEL TUBE MILL IN THE WEST 
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IT TAKES MODERN 
TEST EQUIPMENT 


TO EVALUATE 


INSULATION 


ITT TERA-OHMMETER 
MEASURES UP TO 5x 10"* OHMS 


TYPICAL 
APPLICATIONS 
® Leakage resistance of capacitors 


® Insulation qualities of resistors, 
tube sockets, switches, etc. 


® Test and inspection of cables 
@ Purity of liquids 


®@ Surface resistance of printed 
circuits 


® Moisture content of paper 


FEATURES 

@ Measures from 20 megohms to 
5,000 tera-ohms in 6 ranges 

@ Test voltage continuously varia- 
ble from 100 to 1,000 volts dc 

e@ +3% center-scale accuracy 

@ Permits grounded or off-ground 
measurements 


Two large 7” meter scales for 
easy simultaneous reading of 
voltage and resistance 


Charge button for measuring 
capacitors 


Write, wire, or ’phone 
for complete 
technical information. 


'.” Measuring today’s special insulating ma- 


terials, in the laboratory or on the line, 
calls for an advanced ohmmeter with far 
wider range and accuracy than provided 
by the relatively simple equipment con- 
sidered satisfactory only a few years ago. 
Now, the ITT Type FT-H4 Tera-Ohm- 
meter* permits measurements of insula- 
tion resistances up to 5,000 tera-ohms, at 
voltages up to 1,000 volts, with ease, ac- 
curacy, and extreme stability. 

In addition, the ITT Tera-Ohmmeter 
indicates instantaneous changes in insu- 
lation resistance. This is a particularly 
important advantage, not available in in- 
struments based on the bridge or galvan- 
ometer method of measurement. Since 
insulation resistance is generally not a 
fixed value, but varies readily as a 
function of time, temperature, humidity, 
voltage, pressure, etc., the slope of the 
resistance/time characteristic is often 
more interesting to the observer than the 
final value obtained. 

The fast response, high accuracy, ex- 
treme stability, and easy readability of 
the ITT Type FT-H4 Tera-Ohmmeter 
make it a practical necessity for produc- 
tion and research testing. 


* Manufactured by Richard Jahre. 





NEW PRODUCTS 





perature range extends from minus 65 
to plus 250 deg F. Linearity error 1s 
said to be less than 1 percent of the 
total acceleration span.—Wiancko 
Engineering Co., Pasadena, Calif. 
Circle No. 293 on reply card 


eee ae 8 - 
AVAILABLE IN 11 RANGES 


A new miniature pressure transducer, 
the Model 725, is designed for ex- 
treme vibration environments, and 
available in 11 standard pressure 
ranges from 0-200 to 0-5000 psi. Static 
error band for these units, based on 
terminal base calibration is within 0.8 
percent, dynamic error band within 
1.8 percent. Optional mountings, 
pressure settings, and electrical con- 
nectors are available. Basic dimensions 
are 1-3 in. in diameter by ¢ in. high.— 
Bourns, Inc., Riverside, Calif. 

Circle No. 294 on reply card 


MINIATURE ACCELEROMETER 


The TA-400 precision miniature ac- 
celerometer, designed for measuring 
linear acceleration in missiles and air- 
craft, is believed to be the smallest of 
its type in production. Only 15/16 in. 
in diameter and in. long it will with- 
stand 100 g’s shock and 20 g’s vibra- 
tion at 50 to 2000 cps. The unit is 
completely filled with damping fluid, 
has a unique mass suspension arrange- 


ment, and features additional taps to 
permit a superimposed ac or dec excita- 
tion to torque the pick-up and pendu- 





Industrial Products Division 
INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
15191 Bledsoe Street ¢ San Fernando, Calif. « EMpire 7-6161 
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Philbrick introduces ...... OQPERATIONAL AMPLIFIERS 
DESIGNED SPECIFICALLY FOR MILITARY APPLICATIONS 


Philbrick now offers an array of dc operational ampli- 
fiers which use MIL-approved components. They are 








reliable and rugged to withstand all standard shock, 
vibration, and environmental conditions; they meet mili- 
tary requirements for land, sea, air, and space applications. 


USA-4JX At the present moment these units are the highest performance, coolest running operational amplifiers available in 
the world today, commercial or military. Drift, noise, grid current, gain, bandwidth, damping and like characteristics 
including predicted reliability are so much improved that this series is now also a “best buy” for critical commercial 
instruments. Featurin, +100 volt output, and a guaranteed minimum dc gain of 100,000,000, there are plug-in 
models designed for slide nting and others using turret terminals for permanently wired-in installations. Price $1 70 





K2-PJ An accurate, low drift, low frequency 
chopper amplifier, the K2-PJ is ideally suited to 
stabilizing (servoing out the drift error in) an 
unstabilized dc amplifier such ag the K2-W), 
K2-YJ, etc. When used as a preamplifier for the 
K2-WJ, the pair typically exhibits a long term 
drift of less than 100 microvolts, zero grid 
current, and a dc gain of 10 million. $85 
Write for details. Price (1 thru 99)..... 


K2-WJ An efficient, fool-proof, high gain, low 
cost operational amplifier for all feedback 
manipulations. Its differential inputs allow use 
either as a “follower” or as a positive sign 
amplifier featuring “infinite impedance” input 
(open grid). The guaranteed minimum gain 
figure of 10,000 (over 15,000 typical), +50 volt 
output, and the low drift make possible a wide 
variety of dc and low frequency operations such 
as summing, amplication, function generation, 
integration, differentiation, voltage clipping, 
tripping, flipping, flopping, and the like at ac- 
curacies substantially better than 1/10%. 
Price (1 thru 99). . eta os $58 


K2-¥J An operational amplifier identical in shape 
size, and concept to the K2-WJ, but featuring 
twice the output voltage (+ 100v) and three times 
the output current (3 ma) at a sacrifice in gain 
Most characteristics are also similar, including 
drift. Using the K2-P) as a preamplifier for the 
K2-YJ, the pair becomes the coolest-running, most 
compact operational amplifier available which can 
provide +100 volts output, chopper 

stabilized. Price (1 thru 99) . $62 


The analog way 1s the model way... 
Write for more information on this 
addition to the Philbrick family of 
analog computors, components, and 
power supplies. 


ccorces. PH TL BRICK reesearcues, inc. 


285 COLUMBUS AVENUE, BOSTON 16. MASSACHUSETTS 
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NEW PRODUCTS 


lum in either direction from null. It 
will measure accelerations from plus 
or minus } g to plus or minus 50 g 
and has an undamped natural fre- 
quency range of from 10 to 175 eps.— 
Fairchild Controls Corp., Hicksville, 
sy Dae 





Circle No. 295 on reply card 


7.) eee 


(296) Gulton Industries, Inc., Metu- 
chen, N. J., has developed a light 
weight donut shaped accelerometer 
for laboratory or in-flight shock and 
vibration measurements. . . . (297) 
An instrument which calibrates the 
thickness of ice on liquid oxygen tanks 
during static missile testing firings has 
just been announced by Task Corp., 
Anaheim, Calif. . . . (298) A low 
range pressure transducer, introduced 
™ by Taber Instrument Corp., North 
aE . Tonawanda, N. Y. features a 1 milli- 
sec. response time in measuring liquid 
This stepping motor, when suitably pulsed, has a torque output of or gas pressures up to 50 psi. 

1 inch-ounce, in steps that are never more, never less than 18°. Each Circle No. 296, 297 or 298 
one is produced by a half cycle or a current reversal. Consequently it is on reply card 
very useful for converting electrical numbers to mechanical numbers, and 


has been sold for this purpose for some time (the Sigma “Cyclonome’®). 


In the trick mirror is a servo motor which stops on command with perfect CONTROLLERS 
’ 


obedience, because it stops every little while anyway, delivering torque 


in 18° quanta. The 20-tooth ratchet sensation is produced by a fiercely SWITCHES, & RELAYS 


discontinuous permanent magnet field, which develops going and 
stopping torques of 1 inch-ounce. 


So, here is a positioning servo motor which is synchronous and has a 
mechanical time constant of 4 cycle. Effective ratio of torque to inertia, 
with regard to coasting, is infinite—as long as these parameters are respected: 
inertia (gram-cm?) x (steps/sec.)? = 180,000, and 
steps/second = 300, assuming direct drive to mechanical load. 
(Otherwise, you have a synchronous motor of unspecified nature.) 


Since any reduction ratio is squareable (we wish it were cubable) a ratio 
of 10:1 permits an inertia of 200 gram-cm? to be driven at three-hundred 
1.8° steps per second. Useful torque is then 700 «ram-cm. Think of it— RELIABLE SCANNING 

6 inch-pounds per second, for only 10 or 15 watts: While there is a Mounted in modularized packages, the 
relation between power and speed, there is no relation between torque and new Scanalog series of multipole sam- 
speed. Torque is proportional to input current (up to saturation), pling switches has been designed for 
speed to input frequency. high speed scanning of both high and 
low level analog voltages and currents 
If you will write on your letterhead, you will receive an engineering and conforms fully to military en- 
bulletin describing the simple Cyclonome discussed above, as well as the vironmental specihcations. Multiple 
Sinienttiley tamil contact wipers, designed for low level 
signal sampling, are mounted on the 
2 Merry Christmas - Art Dept. output shaft which is driven through 
precision gears. Model shown above is 


SIGMA INSTRUMENTS, INC. a 3-pole, 30-channel Scanalog suitably 


: sealed and ready for installation.— 
69 Pearl Street, So. Braintree 85, Massachusetts Fifth Dimension, Inc., Princeton, N. J. 


An Affiliate of The Fisher-Pierce Co. (since 1939) Circle No. 299 on reply card 
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CHECK YOUR PULSE, SIR? 


“SCOTCH” BRAND High Resolution Tapes 


DECEMBER 


deliver a sharper pulse—with fewer dropouts! 


1959 


Puo01234uera901zsdseresoizsaseresoizse 
567890123456 


901234567890 
panes y tana st coentenne 23456789012345678 


78901 11234567890 1 23456789012345678 
901234567890123456 78901 234567890123456 
78901 234567890 12345678901 2345678901234 
56789012345678901234567890123456789012 
345678901 2345678901 2345678901 234567890 


789012345678 
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56 567890 
; 78901 2345678901 2345678 
123456 7890123456789012-4567890123465678 
90123456789012345678901 234567890123456 
78901 2345678901 2345678901 2345678901234 
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34567890123456 78901 2345678901 234567890 
123456789012 
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12345678901 
9012345678901 234567890 123456 7890123456 
789012346678901 234567890 12345678901 234 
567890123456 
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901234567890 
123456789012 
345678901234 


\ 


Miienesora 


Minne ano Jfanuracrurine company 
. +. WHERE RESEARCH IS THE KEY TO TOMORROW 


In instrumentation, as in life, it’s often the pulse- 
count that counts. So what if your recording im- 
pulses are as square as a bar-graph? If your tape 
only records camel-backed humps, where are you? 
Probably about due for a change—to “ScoTcH” 
BRAND High Resolution Tapes. 


Your equipment is somewhat like the proverbial 
sweater—no matter how advanced, you can only 
get out of it what you put in. And that calls for 
“SCOTCH” BRAND High Resolution Tapes—made to 
deliver improved resolution as pulse density climbs 
and effective frequencies soar upward to strato- 
spheric heights. 


Like so many other advances in tape technology, 
this superior resolution is a product of 3M research. 
For one thing, “Scorch” BRAND high potency 
oxides give coatings a higher magnetic retentivity 
—about a third more than standard. And since the 
shorter wave lengths of high frequencies are re- 
corded by the surface of the coating, a coating of 
these potent oxides can be thinner and yet provide 
equal flux line strength. Results? A flexible tape for 
intimate tape-to-head contact, a cleaner, sharper 
recorded pulse. 


“SCOTCH” BRAND High Resolution Tapes offer 
these potent coatings on your choice of two tough 
polyester backings—158 for standard play, 159 
for extra-play. And both are designed to line up 
your square-waves as densely as a close-order drill, 
so sharp and clean you'll never miss a bit. 


In taping high frequencies, the tested uniformity 
and dropout-free performance of “SCOTCH” BRAND 
Magnetic Tapes give the added bonus of reliability. 
The greater the density of information, the more 
critical the need for defect-free tapes, and here’s 
where experienced “SCOTCH” BRAND Tape tech- 
nology really tells. 


Whatever your application—data acquisition, re- 
duction or control programming—“ScoTCH” BRAND 
Instrumentation Tapes supply the reliability you 
need today and continue to anticipate tomorrow's 
needs with newer, more sensitive tapes. 


In addition to “ScoTcH” BRAND High Resolution 
Tapes 158 and 159, check the others for your appli- 
cation. “SCOTCH” BRAND High Output Tape 128 
offers top output in low frequencies, even in ambient 
temperature extremes. “SCOTCH” BRAND Sandwich 
Tapes 188 and 189 end rub-off, build-up, reduce 
head wear to an absolute minimum, show little 
wear after 50,000 passes. “SCOTCH” BRAND Instru- 
mentation Tapes 108 and 109 remain the leaders 
for top performance at low cost. 

Where there’s no margin for error, there’s no 
tape like “ScoTCH” BRAND Magnetic Tape for in- 
strumentation. For details, write Magnetic Prod- 
ucts Div., Dept. MBS-129,3M Company, St. Paul 


6, Minn. or mail the inquiry card. © 1959 3M Co, 


“SCOTCH” is a registered trademark of 3M Company, St. Paul 6, Minnesota. 
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario. 


SCOTCH BRAND MAGNETIC TAPE 


FOR INSTRUMENTATION 
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Judoor Ol Well 


Pressures up to 20,000 psi at temperatures to 350 
degrees F., encountered deep in the earth, are reproduced 
under laboratory control by the Continental Cil Company 

A in testing cement slurries for use in oil well 

< cementing. 

V/A @ Temperature and pressure are increased 

according to ‘Well Simulation Schedules” until 

the desired conditions are reached and are then 

held to + 2 degrees F. and + 10 psi to the 
completion of the test. ; 

The Heise Gauge is featured in the MODULAR CONTROL 

Stanolind-Type Super Pressure Consistometer Suitable for aircraft and missile sys- 

S>, built for this work by the Refinery Supply tems, this modular control package 

Company, a Central Scientific Company 

affiliate. | magnetic power amplifier, and a com- 

mon housing. Quick connect-discon- 


csleremnnn tents thnen euteetee enol. nect plugs facilitate removal of either 
P amplifier. Unit contains no moving 


tions attest the value of the Heise Gauge | contacts or relays and will drive mo- 
as a dependable precision instrument. tors rated at up to 200 watts. Preamp 
| weighs 0.8 Ibs. and has a gain of 200 
v/v and a power output of 18 mv. 
Corresponding characteristics in the 
power amplifier are 1.15 Ibs., 6.5 v/v, 
and 27 watts.—Airborne Accessories 
Corp., Hillside, N. J. 

Circle No. 300 on reply card 


Four years of accurate, trouble free 
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RELAY AND SWITCH 


¥ This versatile device combines the 
functions of three reliable compon- 

ents: a standard relay with knife-edge 
: > oe y " armature pivot operating contact 

Pressure Ranges 15 to 20,000 P.S.!. Dial Sizes 8¥%2"-12”-16 | springs afl ‘ ae, ond saibdeieti 
Prices from $166.75 DELIVERY WITHIN 30 DAYS | stepping mechanism, a rachet-driven 
rotary switch consisting of four banks 


of twelve points each with sliding bi- 

H E j bs) E B 0 U R D 0 N T U B E C 0 M PA N  # I N C ° furcated spring wipers, and a ake. 
BROOK ROAD, NEWTOWN, CONNECTICUT, U.S.A. driven stepping relay with two cams 
which open and close double contact- 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who hee Wearing Out Before Their Time 





THEY TOOK ADVANTAGE 


OF (NO MAINTENANCE) STATIC CONTROL 


Cutler-Hammer, Inc. and Arthur G. McKee & Co., 
American experts at control system and steel mill de- 
sign, respectively, have just paid due respect to the 
problem of servicing complex automatic equipment in a 
foreign land thousands of miles away. They have in- 
stalled CONTROL Switching Reactors and Transductors 
in the blast furnace automatic charging control de- 
signed for an Argentine steel company. Why? Because 
under normal operation, CONTROL Switching Reactors 
simply don’t wear out! Yet look what they do: (1) They 
sequentially count charges and other functions and 


register this information on the operator’s control 
panel; (2) through logic switching, they control and 
interlock the static skip hoist drive, the blast furnace 
large and mal) bell otaers. the automatic coke 
charging system, and the a system ... tying them 
all into the operational cycle of the blast furnace. This 
is static control, so named because Switching Reactors 
have no moving parts. Totally enclosed, these high 
permeability magnetic devices operate in the gritty, 
corrosive atmosphere of the steel mill with never a 
shutdown for maintenance. Want details? Write us. 


STATIC CONTROL: 
simple and standard 


From where do your signal pulses 
come? Limit switches? Push but- 
tons? Relays? Any transducer with 
an electrical output? The CONTROL 
Switching Reactor compiles them, 
remembers them, and then acts 
(logically) when the right one 
comes along. It’s a selective device, 
for by presetting it, you will insure 
its operating only upon the proper 
combination of signals. The result? 
A CONTROL Switching Reactor will 
replace a relay system, and once re- 
placed, you minimize maintenance 
and other old-fashioned worries. 
And there’s a size for every need up 
to 300VA output. There are Con- 
TROL reactors which operate from 
standard line voltages, others which 
deliver standard load voltages, and 
now there’s one which takes 120 
volts in and gives 120 volts out! Full 
details? Your copy of our catalog 
awaits your request. 


THREE LITTLE WORDS =logic, switch, operate 


If you want some insight into Cutler-Hammer’s insight, there are three 
words (above) to pay special attention to. Logic: CoNTROL’s Switching 
Reactors are designed to take a variety of input signals to be fed into 
several isolated control windings and thus provide AND, OR, NOT, MEM- 
ORY and TIME DELAY sequences. Switch: Orthonol® cores provide stiff 
snap action going from “off” to “on’’states. The power switching ratio is 
2500:1, even under 10% over-voltage conditions. Operate: There’s no need 
for auxiliary hardware. CONTROL reactors directly operate such loads as 
solenoids, motor contactors and magnetic clutches. They’re ideal for the 
solid state thyratron. They han- 
dle single loads up to 300VA. We 
have an engineering bulletin, giv- 
ing full details on the CONTROL 
reactor which drives the solid 
state thyratron. Write for a copy. 


CONTROL Switching Reactors 
in Cutler-Hammer system 


Reliability begins with CONTROL 
—_ fe i 


A DIVISION OF MAGNETICS. INC 
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DEPT. CE-77 BUTLER, PENNSYLVANIA 
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SIZE 11 
RESOLVER 
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STILL THE MOST ACCURATE SIZE 11 RESOLVER 
in a new, shorter mechanical construction 


Without sacrifice of its unique 0.03% functional error and at signifi- 
cant reduction in cost to purchasers, the DIEHL B 11R 9-1 Resolver 
is now available in an over-all length of only 2.25”. 

Complete mechanical redesign of the unit has provided this length 
and cost reduction together with optional provision for a rear shaft 
extension. Terminal connections are available either with leads (as 
illustrated) or soldering lugs. 

In addition to a standard line of low and high impedance (com- 
pensated or uncompensated) windings the unit can be obtained with 
special windings for operation at frequencies as high as 2 megacycles. 

A still shorter unit, 1.750’ in length, is available with the same 
0.03% functional error but with comparatively lower impedances. 

We invite engineers seeking to design more accurate computers to ask 
us for full details about these exceptionally precise new resolvers. 


SINGER™ 
\ DIEHL MANUFACTURING COMPANY 
A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somerville, New Jersey 


1A Trademark of THE DIEHL MANUFACTURING COMPANY *A Trademark of THE SINGER MANUFACTURING COMPANY 


* AC SERVOMOTORS AC SERVOMOTORS WITH AC TACHOMETERS * DC SERVO SETS 
* AC SERVOMOTORS WITH DC TACHOMETERS * AC AND DC TACHOMETERS * RESOLVERS 
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NEW PRODUCTS 


type springs in accordance with the 
pattern. Standard 4-watt or sensitive 
2-watt coils, with voltage ratings from 
2 to 110 vde, are available for eiti.er 
high or low speed operation. Units 
are suited for sequencing, counting, 
programming, and remote control ap- 
plications.—-Schrack Electric Corp., 
New York City. 
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ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


ROCKET ENGINE CONTROL 


This fully integrated hydraulic con- 
trol package accepts electrical and 
pneumatic input signals and controls 
flow to six exterior ports and two mani- 
folds servovalves by means of five spe- 
cial slide valve assemblies. Designed 
for operation at 3,000 psi, the pack- 
age also includes a manifold accumu- 
lator, a system filter, four additional 
filters to protect the servovalves, three 
control orifices, and two check valves. 
This unit is currently in use on a pro- 
duction ICBM.—Hydraulic Research 
& Mfg. Co., Burbank, Calif. 
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HOLDS HIGH VACUUM 


A normally-closed solenoid _ valve, 
specifically designed for high vacuum 
service, provides lead free operation 
and high flow conductance by means 
of a unique O-ring seat seal and a 
straight-through design. Stem leakage 
is eliminated since the moving mem- 
ber is entirely enclosed within the 
valve body. Models are available for 


CONTROL ENGINEERING 
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Gas Criemalography 


An ElectroniK recorder designed specifically 


for this demanding application 


Apply ElectroniK precision and dependability to your gas 
chromatography measurements with this highly accurate recorder. 
It’s designed specificully for gas chromatography — includes only 
necessary parts and functions. 


Some of its outstanding features: 

@ Easy range-changing 

© Continuous standardization 

© High-resolution, linear slidewire 

® Retransmitting slidewire . . . can be field-mounted for integrator use 
® Low-inertia pen carriage . . . for greater sensitivity and resolution 


© Adaptable for any type auxiliary switch and alarm 


With this recorder comes the valuable plus 
you get with all Honeywell instruments— 
prompt, expert service ... service you can 
depend on, in emergencies or any time, 

to protect your instrumentation investment. 


For complete details on the gas chromatography 

recorder, call your nearby Honeywell 

field engineer. He’s as near as your phone. 

MINNEAPOLIS-HONEYWELL, Wayne Chart speeds: 2, 1, 1% and 2 inches per 


z : : . minute. Pen speed: 1 or 2 seconds full 
and Windrim Avenues, Philadelphia 44, Pa. scale. Spans from 1 millivolt full scale. 


Honeywell 
Fiat to Cotto! 
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how HIGH is 
“high reliability”? 


here’s sheer torture for a Pot! 


PROBLEM: Preco Inc. needed a high 
reliability, pendulum-actuated sector po- 
tentiometer for its Automatic Blade Con- 
trol to serve as the reference for control- 
ling the transverse slope of the cutting 
blade in road-grading equipment. The pot 
would be subjected to operating conditions 
rarely encountered even in the most severe 
military applications. In addition, no tech- 
nical assistance would be available for 
maintenance or replacement. 


SOLUTION: Using precious metal 
alloy wire, a specially formed mandrel 
and a precious-metal wiper assembly, Fair- 
child engineers developed an extremely 
high resolution pot which has performed 
effectively through more than 30 million 
cycles with a linearity of 0.15% anda 
resolution of 0.5 miliradian. Another ex- 
ample of Fairchild ability to custom tailor 
precision potentiometers and sensing de- 
vices to solve complex problems over a 
wide range of applications. 


CUSTOMER’S TEST RESULT 


Other designs failed after only 
2 months’ wear 
FAIRCHILD’S POT has exhibited 
an equivalent of 5 to 10 years’ life 


RELIABILITY 
INSIDE 
THE 
BLACK BOX 


AIRGHILD 


COMPONENTS Division Dept. 34C 
6111 E. Washington Bivd. Los Angeles, Cai. 


A Subsidiary of Fairchild Camera and instrument Corporation 


225 Park Avenue Hicksville, L.1,N.Y. © 


CONTROLS . 
CORPORATION 


© GYROS 
© PRESSURE 
2 TRANSDUCERS 
@ POTENTIOMETERS 
: ACCELEROMETERS 
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NEW PRODUCTS _ 


4-in. pipe connections or for placing 
in 3-in. O. D. lines. Coils are rated 
for continuous duty at 115 vde and 
draw a hold current of 0.5 amps.— 
Veeco Vacuum Corp., New Hyde 
Park, N. Y. 
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DIAPHRAGM-OPERATED 


A new line of diaphragm-operated 
vacuum valves, designed for applica- 
tions requiring high flow rates and 
positive sealing, features synthetic O- 
ring seat seals combined with direct 
metal-to-metal seat stops. Units are 
capable of sealing and holding vac- 
uums to within 0.5 in. Hg absolute 
for an indefinite period of time. Both 
flange and screw-mounted bodies are 
available.—The Sinclair-Collins Valve 
Co., Akron, Ohio. 
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HIGH TORQUE CLUTCHES 


Photo shows one of a new series of 
face-tooth clutches, available in five 
torque ratings from 30 to 725 Ib-ft. 
According to the manufacturer, these 
units provide the highest torque in 
the smallest space of any commer- 
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ELECTRO INSTRUMENTS 
can meet your systems needs NOW... 


with HARDWARE, 
NOT PROMISES! 


Systems shown here are typical of more than 200 designed and 
built by EI and now in use. They range in complexity from data 
logging systems for automatic scanning, measurement and record- 
ing of data from multiple transducers...to high speed, automatic 
checkout systems for missile and aircraft...to systems for auto- 
mating industrial processes. 

Because of the EI modular design approach, many of these 
systems can be delivered on virtually an off-the-shelf basis, elim- 
inating the long delivery times usually associated with system 
development. This approach also results in a low cost system 
because the modules are manufactured in large quantities. Cost 
is almost a linear function.of performance capabilities desired. 

Why not talk over your digital system requirements with your 
EI Sales Engineer? His system experience will be a valuable help 
in solving your problem. 








Multi-purpose digital system for measuring @ 
variety of transistor parameters while the transistors 
are being subjected to environmental testing. 


Digital read-out sub-system of a large, 
automatic, transistor production 
checkout system. 


you get MORE 
with EI systems! 


MORE VERSATILITY—AC and DC volt- 
ages, AC and DC voltage ratios, ohmic 
resistances, capacitance, frequency, phase, 
inductance, time, or combinations of these 
basic input quantities can be accepted by 
the EI system. 

MORE RELIABILITY— Maximum use is 
made of solid-state and MIL-type compo- 
nents which are designed into conserva- 
tively-rated, field-proven circuits, All 
vendor-supplied parts are exhaustively 
tested and evaluated. 
phate Sea i ts MORE FLEXIBILITY—Expansion of the 
program. Measures AC and DC single- : 4 EI system can be made by simply adding 
ended voltages and ratios, and AC . i. appropriate new modules, This approach 
Se Ea aa oe lt eliminates new engineering development 
operating characteristics under : costs each time needs change; minimizes 
adverse environments. Po system obsolescence. 


Re 3540 AERO COURT 
Ectrro IMSCTrFUMENES, EFI. Esa ciec0 15, cau. 


DIGITAL INSTRUMENTS FOR MEASURING AC/DC VOLTAGES, AC/DC RATIOS, RESISTANCE, CAPACITANCE, AND FREQUENCY * X-Y RECORDERS & ACCESSORIES * DC AMPLIFIERS 
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NEW PRODUCTS 


cially available stationary _ field 
clutches. Since there are no air gap 
adjustments to be made and no slip 
rings or brushes to be cleaned or re- 
placed, maintainence is virtually elim- 
inated. The fine-tooth profile on both 
the armature and field face assures 
consistent performance and minimum 
backlash.—I-T-E Circuit Breaker Co.. 
Philadelphia, Pa. 
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Now you can record test data on-the-spot. In both lab and field you 
get accuracies equal to or better than big, rack mounted units. Just pick 
up and move a multi-channel (up to 14) PI tape recorder/reproducer 
as you would any other item of test equipment. 


Instead of 1,000-lb. cabinets, requiring 1000 watts, you're working 
with recorders 10 times smaller and lighter, using 250 watts or less. 


In the field, you get laboratory performance under the most difficult 
environments. PI fits many places where 19-inch racks won't go. One 
man can carry a rugged PI recorder to virtually any test site. 


How did PI put precision in a small package? By combining transistor 
ized electronics with unique stacked reel tape magazines. PI recorders 
use standard tapes and heads, are compatible in every way with standard 
recording practices and other recording equipment. 


KEY SPECIFICATIONS (Model PS-207 Series unit) 


FM SYSTEM: Frequency response +1/2 db 0-10 kc, S/N ratio 43 db, better than 
1.5% total harmonic distortion, less than 2% drift 40° to 120°F., linearity 1%. 


DIRECT SYSTEM: Response +3 db 50-100,000 cps. 

POWER: 115 vac, 48-62 cps or 24 vdc. 

FLUTTER: Less than 0.1% rms de to 300 cps or .5% peak-to-peak at 30 ips. 
PS-207 shown contains electronics for 7 record/reproduce channels. 


After you note these key specs, may we suggest you call your PI 
representative to arrange a demonstration? If you are uncertain who 
he is, please write direct. Address Dept. C 12. 


Precision Is Pcrtable 


PRECISION INSTRUMENT COMPANY 


1011 COMMERCIAL STREET * SAN CARLOS, CALIFORNIA * PHONE: LYTELL 1-4441 
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COMPONENTS 
AND 
ACCESSORIES 


ELIMINATES AN AMPLIFIER 


This Model 10061 millivolt controlled 
subcarrier oscillator will accept the 
output of low level transducers such 
as thermocouples, strain gages, and 
accelerometers, without. external dc 
amplification. Instead, it contains 
within itself all the functions of a 
low level de balanced input amplifier 
along with those of a superior subcar- 
rier oscillator. With its internal volt- 
age regulator, the unit requires only 
a single 26-volt supply. Its high dc 
common mode rejection and floating 
input terminals permit applications in 
bridge circuits for measuring the volt- 
age between two points.—Hoover Elec- 
tronics Co., Tomonium, Md. 
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NEW CONTROLLED RECTIFIER 


Five new inverter-type silicon con- 
trolled rectifiers are now available for 
such applications as dc-to-ac inversion, 
de static switching, pulse width mod- 
ulation, power equipment frequency 
conversion, and current limiting cir- 
cuit breaking. These new models fea- 
ture a maximum 12-ysec turn-off time 
at their highest rated junction temper- 
ature, and are available in peak in- 
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Reliance Super “T’ VS Drives 


Automatic process control from 
standard off-the-shelf components 


Complex control systems are easily designed using 
the Reliance V*S Building Block Approach. Off- 
the-shelf components can be combined in wide 
variety to perform a diversity of precise control 
functions. The control of speed,torque and horse- 
power . . . the synchronization of motor speeds 
through feedback systems . . . and the accurate 
sensing devices that make precise control possible 
are an integral part of the V*S system. 


Pneumatic, hydraulic and electric sensing equip- 
ment—such as pressure gauges, photo electric cells, 
level indicators, or strain gauges can be tied directly 
to V*S Drives. Many single-point and point-to- 
point numerical and digital systems have also been 
designed around these V*S Drives. 


Fast—Stepless— 
Wide Speed Range 


V*xS Drive components consist of a d-c. drive 
motor, packaged motor controls and operator’s 
control station. Operation is from in-plant a-c. 
circuits. You need only the drive motor at the 
machine . . . controls can be placed at any con- 
venient location. 


High response Reliance drive motors change speed 
over a wide range, smoothly and without steps. 
Selections are infinite. All-electric V*S design per- 
mits inclusion of dynamic or regenerative braking 
for fast stopping. 


A motor-generator set forms the nucleus of the 
motor control unit. Built-in controls regulate volt- 
age and current in the system. You can get any 
required combination of speed, horsepower, torque 
and time characteristics. 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 














CONTROLLED 


MACHINE SENSING DEVICE 








DATA SUMMATION 


| REFERENCE 
SET POINT 


VeS CONTROLLER 




















Typical V*S System Using Building Block Approach 


And New Super “I” V*S Drive 
Now Gives You More 
Power in 35% Less Space! 


Through use of Class B insulation—better ventila- 
tion and new NEMA re-designed a-c. and d-c. 
machines, more power is packed into sharply re- 
duced space. And this V*S Drive will take 100% 
overloads for one minute duration without failure. 


Reliance Super “T’ V*S Drives can be custom 
designed to meet your specific needs. 


Reliance Sales Engineers are always available to 
work with you. Call your nearest Reliance sales 
office or write for Bulletin D-2506. b.r642 





RELIANCE insiininete 
ENGINEERING CO. 
DEPT. 5212A, CLEVELAND 17, OHIO 


Cenadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, V*xS Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
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| NEW PRODUCTS 


verse voltage ratings of 100, 150, 200, 
250, and 300 volts. Units can handle 
continuous average forward currents 
up to 16 amps and reverse recovery 
currents to 20 amps for fast turn-off. 
Like the earlier conventional models, 
these new units have a typical gate- 
current-to-fire of 10 ma at 1.5 volts.— 
General Electric Co., Liverpool, N. Y. 
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SIDE-ACTUATED 


Photo shows one of two new side-actu- 
ated precision potentiometers, offering 
stroke lengths of 1.890 and 2.850 in. 
Both types are well suited for missile 
control surface feedback applications 
because of their long life and low noise 
characteristics when subjected to high- 
frequency dithering. Features include 
excellent resistances to shock, accelera- 
tion, and vibration; virtually infinite 
resolution; and independent linearity 
within 0.5 percent.—Markite Products 
Corp., New York, N. Y. 
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HYBRID AMPLIFIER 


Photo above shows the latest addi- 
tion to the LEL Series 80 transistor- 
ized IF amplifiers. This hybrid unit 
combines the low noise properties of 
a vacuum tube input circuit with the 
low power requirements and rugged- 
ness of transistors. ‘l'ype 7077 sub- 
miniature ceramic triode followed by 
five silicon tetrode transistors provides 
a unit capable of withstanding high 
shock and vibration. Noise figure is 
better than 2.5 db.—LEL, INC., Co- 
piague, N. Y. 
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UNITS SHOWN ACTUAL SIZE 


These rugged miniaturized instruments 

weigh less than 4 ounces. Nevertheless, each 

Bourns Pressure Transducers unit is built to the same uncompromising 
standards that have won a place in every 

major missile program for Bourns instru- 

ments. At +35G vibration, these compact 


SUBMINIATURE SIZE instruments deliver a high level, low error, 


noise-free signal. Available in absolute or 
HIGH RELIABILITY gage pressure versions, over a wide pressure 
range, the 420 and 720 lines will meet your 
most exacting performance and reliability 
requirements. These units, with a wide 
selection of mountings, pressure fittings and 
electrical connections, illustrate Bourns’ 
ability to translate the most stringent require- 
ments into high-performance transducers 
you can depend upon. They prove the state- 
ment—jn pressure transducers... it's Bourns 
for leadership. 
Specifications 
Be a a Z) ~ Model 420. | + Model720 
Pressure ranges | 0-15 to 0-350 psi| 0-350 to 0-3500 psi 
Operating 
temperature —65 to +165°F | —65 to +165°F 


Static error band| 1.0 to 1.3% 1.0 to 1.3% 


Dimensions 1.0°x 1.6" | 1.31" x 1.25” 








Weight 4 ounces 4 ounces 


Write for complete technical data 


Bourns, Inc., instrument Division 
6135 Magnolia Ave., Riverside, Calif. 
Field Engineering Offices: 

Huntington Station, L.l. and Dallas, Texas 
Pioneers in potentiometer transducers for position, 
pressure and acceleration. Exclusive manufacturers 

of Trimpot®, Trimit®, E-Z-Trimit®. 
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~ Aniplet Magnetic Limit Switch 


9 times more accurate than conventional proximity systems 


This new Amplet® Magnetic Limit Switch operates with uneanny accuracy . . . 9 times 
more accurate than conventional proximity systems. It acts on the proximity of two min- 
ijature sensing elements . . . and provides a new standard for precision control of all 
types of machine motion. 

Amplet meets the most rigid specifications for long life, environmental conditions and 
continuous accuracy, Check these important features .. . « High repeat accuracy, to 
+.001” on successive approaches + Adjustable differential as low as .002” + Differen- 
tial accuracy is maintained within +.001” + True snap action . . . 1 millisecond 
response time + Nothing to wear out, static devices 
are used throughout + Trigger distance variable 
from .020 to .200” for ‘‘on”’ signal, greater distances 
available on special order. 

Amplet has only three basic parts. A probe mounts 
on a stationary part of the machine, a magnctic trigger 
mounts on the moving part and becomes the actuating 
eleraent, and the amplifier boosts the probe signal to 
useful levels. Probe and trigger are completely free 
from environmental and shock conditions. 


APPLICATIONS 
The Amplet Magnetic Limit 
Switch can handle a wide 
variety of motion control: 
® Machine Tools — Limiting 
cuts or traverse on shaper, 
planer, automatic drill press. 
® ‘Transfer Machines — 
Position stop on multi- 
ccation trans\er con, «yor. 
© Automated Production — 
Continuous sequencing 
and counting. 


© Measurements — Auto- 
matic weighing and filling. 


bh FIND OUT ALL ABOUT THE NEW AMPLET .. .. Complete 
Gm. specifications, application information and sensitivity 
characteristics are available for you now. Call or write, today. 


"CONSOLIDATED CONTROLS 


CORPO RA TION / A SUBSIDIARY OF CONSOLIDATED 


DIESEL ELECTRIC CORPORATION 


BETHEL, CONNECTICUT 


160 CIRCLE 160 ON READER SERVICE CARD 





NEW PRODUCTS 


LOW COST ALLOYS 


Alloy 815-R, a new low density pre- 
cision resistor material, is a modified 
iron-chromium-aluminum composi- 
tion with small percentages of several 
other elements. Lab tests and field 
applications have shown that its cor- 
rosion resistance is equivalent to that 
of a more costly 80-20 nickel-chro- 
mium alloy. 


Characteristics: 
Resistivity: 815 ohms/cmf at 20 deg 
C 
Temperature coefficient: 
ohms/ohm/deg C 
Temperature range: minus 65 to plus 
150 deg C 
Density: 0.262 Ib/cu in. 

—Hoskins Mfg. Co., Detroit, Mich. 
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MEETS MILITARY SPECS 


This small, lightweight servovalve am- 
plifier, developed for proportional con- 
trol of hydraulic transfer valves in 
missile and aircraft guidance systems, 
combines the low drift, reliability, and 
ruggedness of magnetic amplifiers with 
the space-saving compactness of semi- 
conductor components. Unit provides 
a 8 made push-pull output into two 
1,400-ohm loads; contro} signal is 0.5 
to 2.0 vde into a 3,000-ohm load. 
Vickers, Inc., St. Louis, Mo. 


Circle No. 311 on reply card 


Paap . +s 


(312) A new glass-base, epoxy-resin, 
laminated plastic, recently announced 
by Taylor Fibre Co., Norristown, Pa., 
features high strength retention after 
high temperature exposure. . . . (313) 
Technical Industries Corp., Pasadena, 
Calif., is now producing an aluminum 
wire with boron-free ceramic insula- 
tion capable of continuous service at 


1,000 deg F. 
Circle No. 312 or 313 on reply card 
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The new Ramo-Wooldridge Laboratories in Canoga 
Park, California, will provide an excellent environment 
for scientists and engineers engaged in technological 
research and development. Because of the high degree 
of scientific and engineering effort involved in Ramo- 
Wooldridge programs, technically trained people are 
assigned a more dominant role in the management of 
the organization than is customary. 

The ninety-acre landscaped site, with modern build- 
ings grouped around a central mall, contributes to the 


academic environment necessary for creative work. The 
new Laboratories will be the West Coast headquarters 
of Thompson Ramo Wooldridge Inc. as well as house 
the Ramo-Wooldridge division of TRW. 

The Ramo-Wooldridge Laboratories are engaged in 
the broad fields of electronic systems technology, com- 
puters, and data processing. Outstanding opportunities 
exist for scientists and engineers. 


For specific information on current openings write 
to Mr. D. L. Pyke. 


THE RAMO-WOOLDRIDGE LABORATORIES 
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SOLENOIDS 


= GUARDIAN 


No. 22D.C. Guardian's ‘‘mighty No.24A.C. Midget Solenoid. 


midget’’. Only 34"= "x ]! 8” size. 
Stroke ranges from !%" to 5%” 

and lifts up to 24 ounces. 
Available D.C. voltage 

only for intermittent 

or continuous 

duty. 





Only 114" x 1” x 7%": Stroke ranges | 
from 1%" to 5%” with lift over 19 | 
ounces. Available ‘for inter- | 

mittent or continuous 

dutyin anyA.C. volt- 
age up to 230 | 
V.AC. | 


No. 28 A.C. or D.C. MIDGET SOLENOID. 
Announcement of this new Guardian midget solenoid will be greeted 
with eager interest by design engineers. It is most versatile. 

Has tapered plug and plunger for greater power. 

Adjustable stroke 1%" to 4”. Lift of over 41 
ounces. Only 1 4" x 1”x 134%”. Available 
A.C. or D.C.; intermittent or 


continuous duty. 


Heavy Duty No. 4 D.C. A 
version of Guardian's No. 4 solenoid. 
Has added power lift up to 9 pounds 
achieved by use of tapered plug and 
plunger, and special frame. Adjust- 
able stroke |," to 34”. Available for 
continuous or intermittent duty with 
D.C. voltages up to 110 V. D.C. 


Guardian offers the most complete, flexible and versatile line of sol- 
enoids ranging from midgetstoheavy duty laminated types and for 
intermittent or continuous duty. Available with'‘Permaseal’ encapulated 
coils and in D.C. units for 400 cycle operation. 


LARGE SELECTIONS of Guardian Solenoids are carried in 
stock by Franchised Electronic Parts Distributors in the U. S. and 
Canada. Write for name of nearby distributor and Bulletin SD-25. 


SO oF 
aed 


Write for Guardian Solenoid Bulletin SOL-8 
WW ELECTRIC 


MANUFACTURING COMPANY 
1623-P W. WALNUT STREET, 


GUARDIAN 


Heavy DutyNo.2A.C. or D.C. 
A new version of Guardian's well- 
known standard No. 2 solenoid hav- 
ing greater power and much longer 
life expectancy well in excess of 15 
million operations. Adjustable stroke 
1" to 34". Lifts more than 95 ounces. 
Available for A.C. or D.C.; inter- 
mittent or continuous duty. 
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BULLETINS AND 
CATALOGS 


NOTE: This month’s Bulletins & Cata- 
logs section starts with severai items for 
which written requests are necessary. Com- 
plete addresses are given for these items. 


RELAY TESTING. National Association 
of Relay Manufacturers, Attn: Professor 
Charles F. Cameron, P. O. Box 6, Still- 
water, Okla. A 70-page progress report 
by NARM’s Committee on Relay Test- 
ing Methods contains complete subcom- 
mittee reports on the following subjects: 
dry or low energy circuits; measurement 
of electrical characteristics; contact life 
testing; environmental testing including 
temperature, humidity, altitude, and cor- 
rosion; vibration testing; and shock, accel- 
eration, and tumbling. Report presents 
suggested definitions and test procedures, 
discusses equipment and precautions, out- 
lines work yet to be done, and solicits 
comments and suggestions on work al- 
ready accomplished. 

ROTARY COMPONENTS. Ketay De- 
partment, Norden Div., United Aircraft 
Corp., Commack, L. I., N. Y. This well 
indexed catalog contains 170 pages on 
the physical and electrical characteristics 
of Ketay’s rotary controlled components. 
These include synchros, servomotors, re- 
solvers, rate gyros, and potentiometers. 
Catalog also contains two pages on a line 
of hermetically sealed transistorized servo- 
amplifiers. 

VARIABLE-SPEED DRIVE. _ Reeves 
Pulley Div., Reliance Electric & Engineer- 
ing Co., Colombus, Ind. New 96-page 
catalog, designated M-592, uses hundreds 
of photographs, dimension drawings, and 
tables to illustrate the wide assortment of 
styles, modifications, and accessories avail- 
able in the complete line of Reeves me- 
chanical variable speed Motodrives. Tables 
list power ratings, output speed ranges, 
dimensions, and prices. Last eight pages 
provide useful engineering information on 
selection and sizes. 

WIRE-WOUND POTS. Spectrol Elec- 
tronics Corp., 1704 S. Bel Mar Ave., San 
Gabriel, Calif. About three-fourths of 
this 100-page Catalog 202 consists of 
specification sheets on a complete line of 
standard, wire-wound, single- and multi- 
turn precision potentiometers. Balance of 
the book describes Spectrol’s facilities for 
designing and producing special tolerance 
potentiometers, special nonlinear poten- 
tiometers, and various types of precision 
mechanisms. 

(350) PRECISION POTENTIOM- 
ETERS. Markite Corp. Design data and 
catalog, 48 pp. Sections cover character- 
istics of conductive plastic potentiometers, 
specifications of specific types, test pro- 
cedures, applicable military specifications, 
and a glossary of potentiometer terms. 
(351) STATISTICAL ANALYZER. 
GPS Instrument Co., Inc. Bulletin PDA- 
675F, 4 pp. Describes the company’s 
probability distribution analyzer, an in- 
strument developed to meet the need for 
analog simulation of noise in control 
systems. 

(352) PACKAGED CONTROL. Air- 
borne Accessories Corp. Bulletin, 4 pp. 
Contains charts, characteristics tables, and 
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“oe ot a new compact control system 
or airborne applications. 

(353) COMPLETE ACTUATOR LINE. 
The Annin Co. Bulletin 1236ST, 18 pp. 
Well executed, four-color, sectional draw- 
ings illustrate a complete l'ne of pneu- 
matic, electropneumatic, electrohydraulic, 
and pneumatic-hydraulic valve actuators 
for fluid fiow control systems. 

(354) REPLACEMENT CHART. Ben- 
dix Aviation Corp. Chart, 2 pp. Lists 
about 300 transistor types along with 
suggested Bendix replacements. Also in- 
dicated are types not packaged according 
to EIA standards and Bendix models with 
lug-type leads. 

(355) PHOTOELECTRIC CON- 
TROLS. Cramer Controls Corp. Bulle- 
tin IB-1-959, 4 pp. Covers design, opera- 
tion application, and characteristics of a 
precision photoelectric control system 
which operates on infrared radiation. 
(356) CODED BAR SWITCHES. Com- 
puter Control Co., Inc. Bulletin CBS 1, 
4 pp. Photographs and a cutaway draw- 
ing illustrate the mechanical design of 
new keyboard switches featuring direct 
binary-coded outputs. 

(357) TEST INSTRUMENTS. Minne- 
apolis-Honeywell Regulator Co. Catalog 
G-10, 48 pp. Briefly describes a wide 
variety of instruments for scientific meas- 
urement, recording, and control applica- 
tions. Follows each list of general speci- 
fications with a reference to a more 
detailed bulletin. 

(358) COMPLETE RECORDER LINE. 
General Electric Co. Bulletin GEA-6933, 
12 pp. Designed to simplify selection of 
General Electric recorders, bulletin has 
divided instruments according to their 
accuracy class. Covers applications, oper- 
ating specifications, and special features 
of various types in each class. 

(359) GAS ANALYSIS CONTROL. 
Bailey Meter Co. Performance report 
OG10.3-1, 4 pp. Tells how a Bailey oxy- 
gen analyzer was used to control excess 
air in a glass furnace at a Pennsylvania 
Glass Co. Series of four chart records 
shows progression from full manual to 
full automatic control. 

(360) AUTOMATIC WEIGHING. 
Weighing & Control Components, Inc. 
Catalog 14, 24 pp. Explains the applica- 
tion of the company’s standardized in- 
strumentation system to batch or con- 
tinuous weighing of bulk materials. 

(361) TELEMETERING SYSTEM. Tele- 
metering Corp. Bulletin, 4 pp. Describes 
the Model TU-1A transistorized  tele- 
metering system, a compact portable 
package for a wide variety of field appli- 
cations. Photos illustrate its encapsulated 
transmitter and FM receiver, both powered 
by mercury batteries. 

(362) VENTILATOR CONTROLS. 
Barber-Colman Co. Application Manual, 
86 pp. Offers detailed descriptions of the 
company’s automatic control systems for 
hot water, steam, gas-fired, and electric 
unit ventilators. Actual control applica- 
tions are shown on each page, covering 
all makes and models marketed by the 
major unit ventilator manufacturers. 
(363) SOLID-STATE TESTER. Strom- 
berg-Carlson Div. of General Dynamics 
Corp. Bulletin 307, 24 pp. Well illus- 
trated booklet covers the design and opera- 
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FRIDEN MODEL SRW... 


does a problem that once 
was tedious, complex 





SQUARE ROOT 
... appears automatically 
in the dials of Friden 
Model SRW when you touch one key 


SEE HERE HOW IT'S DONE 
Set number from which 2 Touch Square Root key 3 See root appear in dials. 


root is to be taken on corresponding to posi- This figure can be re- 
Friden SRW keyboard tion of decimal point tained on keyboard if 
in the radicand desired for further cal- 
culation. Need for copy- 

ing root is eliminated 


For the first time on any desk calculator Friden Model SRW pro- 
vides touch-one-key extraction of square root. This of course is in 
addition to all standard Friden Calculator features. Thus Friden 
Model SRW is The Thinking Machine of American Business PLUS. 
It performs more steps in figure-work without operator decisions 
than any other calculating machine. Can you use one? 


& 
..-WORKS THE WORLD'S 
qT] ‘wal FIGURE-THINKING PROBLEMS 
AUTOMATICALLY 


Friden sales, service and instruction available throughout the U.S. and the world 
...Friden Silver Anniversary + 1934-1959 


Send for new Square Root Calculations Manual. Tells how 
calculating machine with unique automatic square root 
extraction feature does higher mathematics including 
triangulation, statistics. Free—no obligation. 


FRIDEN, Inc. Dept. CE-1259 
San Leandro, California 


Please send Square Root Calculations Manual to: 


Name 





c y 


Pp 





Address 





City Zone State 
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CAREERS FOR: 
MECHANICAL ENGINEERS 
ELECTRO-MECHANICAL ENGINEERS 


APPLIED PHYSICISTS 
in research—development—design 


Opportunities exist at Bendix Research Laboratories for 
stimulating work in the following areas: Fluid Power 
Servo and Dynamic Analysis ¢ Hydraulic and Pneumatic 
Servo Controls © Thermodynamics and Heat Transfer * Hot 
Gas Devices © Material, Lubrication, Wear and Friction. 

You will find this work unusually stimulating and satisfy- 
ing. Comfortable and pleasant surroundings in suburban 
Detroit, with opportunity for advanced study at nearby 
universities. 


a ? ee 
Tape Controlled Milling Machine Hydraulic Servo Motors 


If interested, please write or call (collect) Fred A. Barry, 
Research Laboratories Division, Bendix Aviation Corporation 
P. ©. Box 5115, Detroit 35, Michigan. Phone: KEnwood 7-3300 


Research Laboratories Division “Candi” 


SOUTHFIELD, MICHIGAN 





Bulletins & Catalogs 


tion of SCATE, a preprogrammed auto- 
matic test system using solid-state devices 
in computer circuit modules. Photographs 
and block diagrams illustrate discussions of 
its various units. 

(364) DIGITAL VOLTMETERS. Non- 
Linear Systems, Inc. Bulletin 8159 
20M, 20 pp. Covers a hne of digital volt- 
meters for ac and dc measurements and 
includes a 2-page explanation of the instru- 
ment’s transistorized ‘“no-needless-nines”’ 
logic. Gives complete specifications, oper- 
ating information, and a 3-page picture 
section for input and output accessories. 
(365) ACCELEROMETERS.  Endevco 
Corp. Brochure, 20 pp. Combines the ad- 
vantages of an instruction manual with 
thorough coverage of the state of the art 
in dynamic accelerometer methods and 
equipment. Sections include application 
information, discussion of piezoelectric ma- 
terials, nonvibration environments, shock 
measurements, calibration techniques, and 
several others. 

(366) DESK-TOP COMPUTER. Elec 
tronic Associates, Inc. Bulletin AC934, 10 
pp. Presents the PACE TR-10 transis 
torized desk top analog computer with 
detailed component specifications and de- 
scriptions. Illustrates the computer pro- 
gram and plotted solution to a typical 
engineering problem. 

(367) ELECTRIC FLOW METER 
Thermal Instrument Co. Bulletin 800, 2 
pp. Describes a low flow electric flow- 
meter that uses the thermal conductivity 
bridge principle. Illustrations include pho- 
tographs, a schematic of the flow measure- 
ment system, and a calibration curve 
(368) SMALL BASIC SWITCHES 
Micro Switch Div. of Minneapolis-Honey- 
well Regulator Co. Catalog 63, 20 pp 
Covers four important switch groups and 
amplifies each section with data on the 
various types of actuators available. Di- 
mension drawings accompany most of the 
switch descriptions. 

(369) POWER CONNECTORS. DeJur 
Amsco Corp. Catalog form 1416-659, 20 
pp. Introduces a group of miniature power 
connectors for heavy duty applications in 
guided missiles, aircraft, and electronic 
equipment. Actual size photographs ac 
company each description. 

(370) PULSE TRANSFORMER DATA 
Technitrol Engineering Co. Bulletin Pl 
204, 205, and 206, 4 pages each. Pub- 
lished to aid in the design of low power 
pulse transformer circuits, these bulletins 
cover blocking oscillator applications, in- 
terstage coupling applications, and specific 
applications where transformer parameters 
are known. Each brochure discusses the 
characteristics of the pulse transformer 
which distinguish it from other circuit ele- 
ments and lists applications of the pulse 
transformer as a coupler and wave shaper. 
(371) TIME DELAY RELAYS. Tempo- 
Instrument, Inc. Bulletin 5903, 8 pp. 
Offers complete technical data on the com- 
pany’s line of electronic time delay relays 
and contains a comprehensive description 
of circuit design, manufacturing and as- 
sembly processes, standard and special 
specifications, and other detailed data. 
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WHAT'S NEW _ 


fortunately, even faster than it started 
up as set designers improved circuitry 
to allow built-in antennas and shifted 
into portable and movable models. 
As the home TV antenna market 
started to disappear (TACO still makes 
1,000 units a day, mostly for replace- 
ment markets or for sale in ene 
reception areas), TACO looked around 
for a new outlet for the company’s 
energies, espied the closely related 
military and industrial antenna field. 
Today the company’s growth is geared 
to this market. 

As recently as 1958, home TV an- 
tenna sales made up 60 percent of 
TACO’s $1.5 million annual sales. 
But in the first six months of 1959, 
military and industrial sales had mush- 
roomed to 70 percent of the com- 
pany’s six-month total sales of $24 
million. Now TACO president, H. H. 
Brown, predicts the company’s sales 
will quadruple in the next year—with 
all the growth in the military and in- 
dustrial antenna business. 

To accelerate the growth, the com- 
pany last month dedicated a $50,000 
antenna test range in New York State’s 
apple-growing Chenango County. 
Situated on two interference-free hill- 


(Continued from page 52) 


tops, 3,000 feet apart, the test facility 
will conduct R&D work on new de- 
signs and test production models. 

One place the company plans to in- 
crease its participation is in missile 
and space vehicle tracking. 

The way TACO’s growth will come 
about is through new products such as 
the new high gain, trihelical antenna 
for telemetry work, just announced. 
TACO will offer this unit in a variety 
of sizes—4-, 6- ,8-, and 10-turn models 
and with a broad choice of mounts 
including an automatic azimuth and 
elevation orientation system. 

In the industrial field TACO has 
been eying supervisory control, has 
noted a recent increase in popularity 
of microwave systems. The company 
will offer a line of antennas designed 
to serve utility and pipeline companies 
which are sending supervisory control 
and data signals by microwave. 


Topp, United Industrial 

Form $32 Million Company 
United Industrial Corp. and Topp 

Industries Corp. will merge to form a 

new UIC with $27 million assets and 

estimated annual sales volume of $32 

million. The purpose: to allow diversi- 
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View! REAR-PROJECTION-TYPE 


IN-LINE 


DIGITAL DISPLAY 





FEATURES 
ONE-PLANE PRESENTATION 


Series 80,000 
In-Line Display 


Easily viewed from over 100 feet away when 
iia ein le digit or letter is us S full size of 
3%," high! 


DESIGNED FOR FAST 


EASY READING OF 

* Process, production, and 
supervisory control panels 

* Display boards 

* Test equipment 

* Other types of visual 
readouts 


Price Per Unit 


$33" 


Quantity Prices 
On Request 


Write Today for Complete Specifications 


Representatives in Principal Cities 


InpusTRIAL ELecTRONIC ENGINEERS, INC 
5528 Vineland Avenue 
North Hollywood, Caljfornia 
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mercury to mercury relays 


Wherever foolproof per- 
formance is important, 
depend on relays that 
can't burn, pit or stick. 
Depend on mercury-to- 
mercury contacts of Ad- 
lake, rated A+ for design 
and construction. The 
Adams & Westlake Com- 
pany, Elkhart, Indiana. 
Original and Largest 
Manufacturer of Plunger- 
type Relays. 

lilustrated — heavy duty 1101 
—87T type with compression 
terminals. 


SENDTODAYFORFREECATALOG 
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CHECK THE LOW COST of these WHAT’S NEW 


‘ala y am oleiali-remesigeieli ani -3-) aa t- ler. ¢— 

fication of product lines, along with 
the usual aims of coordinating com- 
plementary facilities, personnel, and 
recourses. 

United manufactures material han- 
dling equipment and other heavy ma- 
chinery. Aircraft Armaments, Inc. (80 
percent UIC-owned) makes controls, 
computers, and testing equipment 
along with other defense goods. Hayes 
Aircraft Corp. (30 percent UIC- 
owned) modifies aircraft and makes 
missile instrumentation. Topp pro- 
duces electronic and electromechani- 

cal devices and systems. It has three 
Samples on request subsidiaries in the control field, U.S. 
Science Corp., Micro-Path, Inc., and 


Ucinite’s new test jack is designed for permanent, 7S Seuninendaties Products. 


soldered assembly to printed circuit boards. Gold-over- 
silver-plated beryllium copper contacts provide low- Be 
resistance contact for repeated insertions of standard | Other Acquisitions 

-080" diameter test probes. Nylon bodies are available AG Chemisches Institut Dr. A.G. 
in eleven standard code colors. Uniquely simplified Epprecht—by Contraves AG, both of 
construction affords economical usage in all quanti- Zurich, Switzerland. The new acqui- 


. : ‘ sition specializes in precision fluid and 
ties. Immediate shipments from stock. solid flow measuring equipment, vis- 


cosity instruments, rheometers, and 
electronic tensile stength measuring 
Division of UNITED-CARR Fastener Corporation | instruments. Contraves AG is a lead- 
Newtonville 60, Massachusetts ; | ing Swiss control firm. 
CIRCLE 200 ON READER SERVICE CARD | 

= Magnaflux Corp.—by General Mills, 
Inc., Minneapolis, Minn. The Chi- 
cago firm is a pioneer developer of 
techniques and equipment for non- 
destructive testing. 





For .052 application holes 
on .400 centers 







































































IMPORTANT MOVES 
provides mechanical encoding for BY KEY PEOPLE 
. | Republic Adds Dr. Lubkin 
read-out and logging systems Sa MAC a eaestore 
Dr. Samuel Lubkin has become a 





The new Series 400 Digital Trans- staff consultant to the Missile Systems 
ducer utilizes a standerd sensing Div. of Republic Aviation Corp. in 
element (flow, pressure, or tempera- eS ON Y. Dr I bki " divi 
eunl k abteae the acdhiaienl ; armingdale, N. Y. Dr. Lubkin, digi- 
American Force Amplifier which | tal computer specialist, has held top 
precisely positions a shaft encoder. FORCE level positions in the computer opera- 
The need for electronic acces- AMPLIFIER tions of several industrial firms and 
sories is eliminated. Increased the government. Before joining Re- 
reliability and simpler maintenance HW | | ae public he was manager of digital com- 
are assured. ! puter developments for the Electron- 
“4 ics Div. of Curtiss-Wright Corp. and 
SPECIFICATIONS al before that was director of the Elec- 


; te ors 
Acumaag: 1% of epen. tronic Computer Div. of Underwood. 


Repeatibility: 0.5% of span. 
Kindle New Chief Engineer 


gy \Z SF, At Electronic Associates 
WRITE FOR L : 
‘iggins A new post at Electronic Associ- 


ates, Inc., chief engineer, will be filled 
by Wiiliam K. Kindle, who has been 
2 gn with EAI for three years. The job had 


AMERICAN been eliminated several months ago, 


METER COMPAN MECHANICAL COMPONENTS DEPARTMENT when Fred L. Martinson was elevated 
BO . . e . 
Bedi easses | abe R308 © GARLANO, TEXAS from it to be vice-president, engineer- 
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TRANSISTORIZED 
D-855 
GAUSSMETER 


Complete portability for use in field 
or lab 
¢ Reads flux fields up to 30,000 gauss 
Can be equipped to read Earth's 
field flux density 
Probe is only .025” thick 
Active area of probe .01 square 
inches 
* Fully transistorized 
Power Supply: selective from 105- 
125 volt 50-60 cycle 
line or internal bat- 
teries 
Net weight: 8-3/4 Ibs. 
¢ Overall size: 13-1/2” high, 8-3/4” 
wide, 7-1/4” deep 


Precision built, completely transis- 
torized, the new D-855 Gaussmeter ac- 
curately measures flux density and de- 
termines “flow” direction. Ideal for 
measuring and locating “stray fields”, 
plotting variations in strength and 
checking production lots against a 
standard. It’s simple to operate. The 
Dyna D-855 doesn’t require jerk or 
pull, gives no ballistic reading. Can 
be operated in the field with batteries 
which are enclosed in rugged protec- 
tive carry case. This is an improved 
version of the pioneering D-79 Gauss- 
meter (Pat. #2,707,769) which has 
modernized magnetic flux measurement 
for the past six (6) years. 


Dyna- EMPIRE Inc 
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| WHAT’S NEW 


ing as a step toward creating an Engi- 
neering Div. Continued expansion has 
made felt the need for another level 
of engineering authority. 

Kindle, who will report to Martin- 
son, will be responsible for evaluation 
and improvement of the Long Branch, 
N. J., company’s products, develop- 
ment of new products, and technical 
service to customers. 


Blakely To Head Product 
Planning at Univac 


As chief engineer of product ay 
ning at Remington Rand Univac Div., 
Sperry Rand Corp., Robert T. Blakely 
will be in charge of technical evalua- 
tion of new product planning pro- 
grams and the development of new 
product specifications. He'll also super- 
vise the product planning represent- 
atives in regional offices and planning 
department in Univac’s plants. 
efore joining Rem Rand, Blakely 
was corporate staff engineer at Bur- 
roughs Corp. He also was a manager 
at Burroughs’ Research Center. 
Previously, Blakely held manager's 
positions at IBM plants in Kingston 
and Poughkeepsie, N. Y. 
(Continued on p. 168) 














Bendix” 


SOUTH BEND 
a 


needs immediately 
ANALOG COMPUTER 
ENGINEER 


B S Mechanical Engineer, Aero 
Engineer, Physics M pre- 
ferred. At least three years of 
experience in the use of analog 
computers for studying dynamic 
problems. Applications are in 
the field of aircraft and missile 
propulsion control systems, dy- 
namics of landing gear systems, 
“hydraulic and pneumatic devices 
and heat transfer. 
The computer facilities include 
a repetitive analog, a precision 
real time analog and digital 
computers. 
Salary commensurate with ex- 
perience. Comprehensive benefit 
program is offered including; 
moving and transportation al- 
lowances, group insurance, vaca- 
tions, and tuition assistance for 
advanced degrees at the Univer- 
sity of Notre Dame. 
Call or write immediately to: 

John M. Evans 

Administrative Engineering 

Bendix Products Division 

401 North Bendix Drive 

South Bend, Indiana 
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| Whether an interval is a month or a mi- 
| crosecond, you can measure it, divide it, 
record it, or use it for control with a 
custom-designed or standard timer from 
The A. W. Haydon Co. Every type, every 
size, every class...timing motors, time 
delay relays, interval timers, repeat cycle 





| timers... you name it, we make it. If you 
ever have a specific timing problem, the 
least you can do for yourself is get our 
| Seorateare. Bulletin RC 301 (on the 4400 
| Series repeat cycle timer) is yours for the 
|asking. @ The 4400 Series sub-miniature 
|repeat cycle timer weighs 6% ounces. 
Cycling times: 5 secs 

| to 90 minutes. Up to 8 

poles double throw. ee 
Hermetically sealed. x 


AYDON 





COMPANY 


246 North Elm Street, Waterbury 20, Connecticut 
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KIT for just 719995 


* Simulates Mechanical Problems, P: 
* Solves Math tical Probl 

(Add, Sub., Divide, Multiply, Integ i i get Transfer Functions) 
* in a Class by itself, But Comp: in Functi te c Costing Over $1,000.00 
* Easy to Build in 35 to 40 Hours With No Experience 














The lowest priced computer of its quality available anywhere, the new Heathkit 
EC-1 Computer now puts advanced engineering techniques within reach of all. 

Industry will find the EC-1 invaluable in trial solutions to mechanical and math- 
ematical problems . . . shortens engineering time, speeds up preliminary work, 
frees the advanced-computer time for more complex problems and final solutions. 
And the EC-1 aids in training computer operators and acquainting engineers with 
computer versatility and operation. 

Schools and colleges will find the EC-1 ideal for teaching and demonstrating in 
engineering, physics, and math classes; perfect for laboratory use in teaching 
computer design and applications. 

Individuals will find the EC-1 a fascinating helper in solving mathematical and 
mechanical problems. To consultants and those who work alone, the EC-1 soon 
becomes an indispensable path to speedy, trustworthy solutions. 

Set up scores of complex problems with the assortment of precision components 
and patch cords supplied. Read problem results directly on the 3-range computer 
meter, or use an external read-out device such as the Heathkit OR-1 DC Oscillo- 
scope, or a recording galvanometer. Meter can be switched to read output of any 
amplifier for problem results or balancing purposes. Informative manuals provided 
show how to set up and solve typical problems, illustrate operating procedures, 
and supply basic computer information, references, and construction procedure. 
Shpg. Wt. 43 Ibs. 

SPECIFICATIONS: Amplifiers: 9 D.C. Operationa! Amplifiers using one 6U8 per amplitier; each solves mathematical 
problems; each balanced by individual pane! contro! without removing problem set-up. Computing components mount 
on connectors and plug into pane! sockets Open loop gain approximately 1000. Output —60 to +60 volts at 3 ma. Power 
Supplies: +300 volts at 25 ma electronically regulated: variable from +250 to +350 by contro! with meter reference for 
setting 4-300 volts. Negative 150 volts at 40 ma regulated by VR tube. Coefficient Potentiometers: Five on pane!. Initial 
Condition Potentiometers: Three on panel; used to introduce initial velocity, acceleration, etc. on the three ‘‘given’’ 
quantities. Repetitive Operation: Multivibrator cycles a relay at adjustable rates (.1 to 15 CPS), to repeat the solution 


any number of times; permits observation of effect on solution of changing parameters. Meter: 50-0-50 ua movement 
Power Requirements: 105-125 volts, 50-60 cycles, 100 watts. Dimensions: 19%” W. x 114%” H. x 15” D 


Order Direct by Mall or see your nearest Authorized Heathkit Dealer 





HEATH COMPANY BENTON HARBOR 36 MICH. 


|; a subsidiary of Daystrom, Inc. 
Please send the latest Free Heathkit catalog. 


NAME 





FREE CATALOG 
ADDRESS 





Mail the now for 
the Five it Catalog 


ZONE STATE 





Over 100 easy- 
fo-bulld Heathkit producte city 
including test 
ham radio gear, marine 
ponent lg SUBJECT TO CHANGE WITHOUT NOTICE. 


ALL PRICES F.0.8. BENTON HARBOR, MICH. PRICES AND SPECIFICATIONS 


Le ae eee ee ae Oe ae a ee ee ee ee ee ee ee 
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First Czech Nobel Winner 
Is Polarography Inventor 


New Nobel chemistry laureate, Dr. Jaroslav 
Heyrovsky, inspects his model LP-55_polaro- 
graph in the lab at the Czechoslovak Academy 


VIENNA— 

For his 1922 invention of the 
polarograph, Dr. Jaroslav Heyrovsky, 
69-year old head of the Polarography 
Institute of the Czechoslovak Acad 
emy of Sciences, has won the 1959 
Nobel Prize for Chemistry and _ its 
accompanying $42,606 cash award; he 
is the first Czech Nobel laureate. Po- 
larography, now the world’s fifth most 
used analytical method, identifies and 
determines the concentrations of sub- 
stances in solution based on_ their 
voltage-current relationships in an 
electrolytic cell. 

Dr. Heyrovsky developed the falling 
drop of mercury electrode, which is 
the heart of the polarograph, in the 
course of an informal talk with his 
professor following his doctorate ex- 
amination in 1918. Since then almost 
his entire career has been devoted to 
the development of polarography. 

The professor worked through 
World War II in occupied Czecho- 
slovakia and wrote a text on polarogra- 
phy that was published in Vienna in 
1941. Also during the occupation he 
started the development of oscillo- 
graphic polarography and carried on 
work in inorganic chemistry. 

Post war lecture tours took Dr. 
Heyrovsky to Great Britain, Austria, 
Hungary, Poland, Bulgaria, East Ger- 
many, and Red China. In 1933 a 
Carnegie Visiting Professorship had 
brought him to the U.S. where he lec- 
tured at six universities. 

The falling drop of mercury elec- 
trode for the cell results in the method 
yielding highly reproducible results. 
It is also rapid, very sensitive, and 
accurate (4 to 5 percent error even at 
concentrations as low as 10°M. The 

(Continued on p. 171) 
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One of these 
handy prepaid 
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WHAT'S NEW 


(Continued from p. 168) 
majority of elements and a variety of 
organic substances may be determined 
using polarographic equipment; it has 
wide applications in the chemical in- 
dustry, metallurgy, food production, 
pharmacy, biology, and medicine (can- 
cer diagnosis, for instance). Latest 
applications are in continuous record- 
ing for on-line process control. 

Though he devised the method in 
1922, Dr. Heyrovsky didn’t build the 
first automatic polarograph until 1925, 
at Charles University, Prague, with 
Masuzo Shikata. Today 60 or more 
types are being produced in 15 coun- 
tries. E. H. Sargent & Co., Chicago, 
owns the term “polarograph” and is 
the largest manufacturer. The prin- 
ciple of the device remains the same; 
improvements have involved versatility 
(self-contained and portable units) 
and ruggedization (galvanometers re- 
placed by pen-recorders ) . 

Asked what he'll do with the 
$42,606 prize, Dr. Heyrovsky told CtE 
“All my research and all costs of 
Polarographic Institute are financed 
by the State. For philanthropic pur- 
poses I cannot use it, because in 
Czechoslovakia, social welfare is also 
cared for by the State. I shall have to 
find out what to use it for.” 

—Fred Baer 
McGraw-Hill World News 


Other Important Moves 


George E. Bartlett will have admin- 
istrative responsibility for the engi 
neering activities of the E. Aurora, 
N. Y., plant of Moog Servocontrols, 
Inc. as new engineering manager. 


Boyd Dahle, the new chief engineer 
of SierraSchroeder Div. of Idaho 
Maryland Mines Corp., had held the 
same position at the Air-Gas Valve 
Div. of Parker Aircraft Co. He'll fur- 
ther the development of the Glen- 
dale, Calif., company’s products. 


Dr. Leonard Pode has joined Gen- 
eral Controls Co. to be chief engineer 
of its Electronic Systems Div. He was 
with the Norair Div. of Northrop 
Corp. before coming to the Los 
Angeles, Calif., firm. 


Robert E. Talmo and Peter H. 
Escher have new positions at Electro- 
Optical Systems, Inc. Talmo joins 
EOS to head a new Transducer Lab. 
in the Solid-State Div., coming from 
Wiancko Engineering Co. Escher 
precedes Talmo by six months and has 
now became manager of Electronics 
Systems Div. in Pasadena, Calif. 
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What can you do with a 
remarkable instrument like this? 


We knew we had an outstanding instrument 
in our product line when this readout device 


| was introduced several years ago. It proved 


to be ahead of its time during those early 


| days, but now this remarkable precision 
| instrument for displaying data is gaining 





acceptance in many industries. It’s about as 
big as a candy bar, and it will display, store, 
or transfer up to 64 different numbers, 
letters, or symbols without using complicated 
conversion equipment and “black boxes.” 
This is an entirely new species of readout 


| device so we had to give it a new name, 
the Readall* readout instrument. 


We developed the Readall instrument for 
data display in flight control equipment. We 
knew the Readall instrument was fine but 
didn’t know just Aow valuabie it was. But 
one of our engineers did. He designed a 
complete new pipeline control system based 
on the new instrument. The application was 


| a breakthrough in data handling, and the 
| control system is a big success. 


c------- - See "1 


Naturally, we put the Readall instrument 


on the market so systems engineers could 
use it to improve their control systems. We 
announced the Readall instrument as “. . . 
an electro-mechanical, D.C. operated, read- 
out device for displaying characters in ac- 
cordance with a pre-determined binary code 

. a compact, self-contained device . . . 
which can be applied to the output of digital 
computers, teletype receiving equipment, 
telemetering systems, or wherever data must 
be displayed.” 

Other systems have been developed with 
separate units for data display, decoding, 
storing, and electrical readout. These sep- 
arate units cost more and occupy more 
room. Market response confirms the need 
for one, smail, inexpensive unit that does 
all three jobs. The Readall instrument serves 
the purpose. 

We'd like to discuss possible applications 
for the Readall instrument with you. If you 
want information as to possible applications 
you have in mind for this remarkable in- 
strument, please fill in the coupon. 

*Trademark 


“Pioneers in Push-Button Science” 
SS UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY = 
PITTSBURGH 16, PENNSYLVANIA 


Union Switch & Signal 


Pittsburgh 18, Pennsylvania 


Division of Westinghouse Air Brake Company 


Here is a possible application we have in mind for the Readal! instrument 








Name 


(j Send more information about the Readal! instrument 


=. ae 














Address 














See us at Eastern Joint Computer Conf. Dec. 1, 2, 3, 1959 
Statler Hilton Hotel, Boston, Mass. Booths #1 and #2. 
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For framing . 
for attaching components 


..- USE THE NEW 


UNISTRUT. 


FRAMING SYSTEM 


With units like the flight simulator cabi- 
net above, achieving compact design and 
efficient production can be a problem. 
Use of UNISTRUT metal framing large- 
ly eliminated such problems for this 





| 


manufacturer. There was no costly pre- | 


fabrication of the framing. No precision 
layout or drilling was needed to secure 
the many components and wiring. 

Advantages like these are why the 
UNISTRUT system is finding increas- 
ing use as framing and supports in elec- 
tronics and instrumentation production. 

The patented UNISTRUT spring- 
held nut which rides in an open slotted 
channel makes it possible to attach com- 
ponents of any size or shape—from ser- 
vos to wiring harnesses—anywhere on 
the channel. Model changes are easy. 

UNISTRUT steel and aluminum 
channel in dozens of sizes . . . plus over 
1400 standard fittings are stocked by 
your local Unistrut distributor. See him 
or write for complete information. 


TO FRAME—panelboards, racks, cabinets, cubi- 
cles, stands, 3-dimensional breadboards. 

TO SUPPORT—controls, 
ment, harnesses, panels, 
guides. 





Mr. Strut says: 
“Fast local service is a UNISTRUT pius. 
Everything you need is always in stock at 
your local Unistrut distributor—plius engi- 
neering help," 


& 


TRADE MARK 





UNISTRUT. 


Pioneer in Adjustable Metal Framing 


UNISTRUT PRODUCTS COMPANY 


GENERAL OFFICES: 933 W. Washington Blvd., Chicago, tl. 
Telephone: MOnroe 6-2665 Teletype: (G 1329 


Stocking distributors in all principal cities of the 
U.S. and Canada. Exported throughout the world. 
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ABSTRACTS 


3¥2-Hour sine waves 


From “A Sine-Wave Generator 
with Periods of Hours’, by G. Klein 
and J. M. Den Hertog, Philips Re- 
search Laboratory, Eindhoven, 
Netherlands. Article in “Electrical 
Engineering” (London), June 1959, 
pp. 320-325. 


Lowering the frequency of sinu- 
soidal voltages generated by the usual 
phaseshift oscillators (RC or Wien 
bridge types) is limited from a prac- 
tical point of view because switching 
on or changing the frequency setting 
of such oscillators causes a transient 
distortion that requires 5 to 10 cycles 
to die out. Such distortion can thus 
make the equipment unuseable for 
long periods after a change. Sinusoidal 
voltages therefore have been made by 
distorting triangular voltages by means 
of diodes or other nonlinear elements. 
By using good capacitors, triangular 
voltages of comparatively long periods 
can be made easily. 

The principle of the new ultra low 
frequency generator can be seen from 
Figure 1, Because of the negative feed- 
back to point 2, point 3 is forced to 
follow a triangular voltage on point 4. 
If this triangular voltage has the cor- 
rect amplitude a sinusoidal voltage 
with the amplitude of the high fre- 
quency sinewave on I and the fre- 
quency of the trinagular voltage will be 
present at point 2. Correct adjustment 
of the amplitude of the triangular volt- 
age on 4 is ensured by the fact that the 
voltage on 3 determines the point of 


_-reversal, 


The principal part of the inverse 


Inverse 
function 
generator 


function generator (Figure 2) is a 
difference amplifier. A difference am- 
plifier only amplifies the potential 
difference between the input terminals 
1 and 2 and not the voltage difference 
which these points have in common 
with respect to ground. By increasing 
the amplification to a very high level 
and keeping the output voltage be- 
tween an upper limit V,, and a lower 
limit V, by means of a limiter, the 
following very close approximation ap- 
plies: 

Vou = Va for Vu positive 

Vou: = Vi for Vz negative 


If a relatively high-frequency sine 
wave is applied to input | of the in- 
verse function generator as connected 
in Figure 1, and a very low frequency 
sine wave to input 2, the output will 
be a triangular wave with the period 
of the applied low frequency. In the 
system of Figure 1, the low frequency 
applied is actually the output of the 
generator. The high frequency source 
is an auxiliary oscillator which is limi- 
ted to the amplitude of the low fre- 
quency signal. The auxiliary oscillator 
need not be very stable as regards fre- 
quency, since this affects neither the 
frequency nor the amplitude of the 
low frequency output. 

The signal generator based on these 
principles yields sinusoidal (and tri- 
angular) voltages with periods from 20 
to 12,500 sec in 20 steps. An ampli- 
tude of 50 volts peak to peak with a 
distortion of less than 1 percent results 
when regulated power supplies are 
used. Complete circuit details and the- 
ory are given in the article. 
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Instrumentation problems: 
management viewpoint 


From “Personnel Needs for Tomor- 
row’s Instrumentation As Seen by 
Today’s Management” by C. L. 
Parish, Monsanto Chemical Co. 
Paper presented at the 14th annual 
Instrumentation-Automation Con- 
ference of the Instrument Society of 
America, Chicago, IIl., September 
21-25, 1959. 


Today’s management sees many 
personnel needs for tomorrow’s instru- 
mentation. Today's management in 
the process industries is not “for in- 
strumentation”. Rather, management 
wants to use as little of it as it can. 
But management, viewing instrumen- 
tation as a means to the end of greater 
profits for less business effort, believes 
that instrumentation can be applied 
properly to chemical processes to make 
great savings. New and better instru- 
mentation will be required and will be 
developed. Management suspects that 
this instrumentation will be more 
complex, and will account for a greater 
percentage of its physical plant. Lest 
our ability to capitalize on these de- 
velopments be limited by our ability 
to install and service them, we need 
to start analyzing our personnel needs 
now for the coming years, and to start 
now, ourselves, to provide for these 
needs. The needs are many, including 
numbers of people, their proper or- 
ganization and employment and the 
way in which they will carry out their 
jobs, their job classifications, their 
union relationships, and their training 
and education. But the greatest need 
is in the field of training and educa- 
tion. Because our problem is some- 
what special within our industry rather 
than of general application, it is im- 
perative that we ourselves take the 
initiative in educating for tomorrow. 


Briefly noted 


From “Some Problems Associated 

With The Measurement of Very 

Low Pressures”, by George | 

Maslach, 1958, 30 pp. AGARD 

Report 175, North Atlantic Treaty 

Organization, Advisory Group for 

Aeronautical Research and Develop 

ment. 

Describes the several types of pres- 
sure sensitive elements now used for 
the measurement of very low pressures 
and presents a method of design for 
the connecting line joining an orifice 
to a pressure sensitive element. Shows 
that the time response is affected by 
out-gassing effects and variable tem- 
peratures and indicates corrections. 
Measurements illustrate external flow 
effects at low densities. 
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ELECTRONIC * 
PRODUCTS 


NEW ! 
MH-2-P Magnetic Switch 


A new and improved sensing de- 
vice . . . neatly contained in an 
epoxy resin shell. The MH-2-P is 
ideal for industrial applications 
and is easier to mount in areas of 
limited access. A quick discon- 
nect Cannon connector eliminates 
elbow type construction. 

The new epoxy resin housing 
results in less magnetic flux and 


oO 
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increased sensitivity. As a con- 
sequence, smaller magnets can be 
used and manufacturer reports a 
minimum magnetic field transient 
time of only 8 milliseconds is 
needed to activate the switch. Op- 
erating life is in excess of one 
billion operations, 


Write For Bulletin MH-2-P 


ELECTRONIC PRODUCTS DIVISION 


Post Machinery Co | 175 Eliot St., Beverly, Mass. 
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DIGITIZER and 


recorder adapter 


printer control 
and power supply 


choice of Monroe,Victor, 
or Clary printers 





To receive complete information concerning DIGITIZERS 
and modular system components for instrumentation and 
data recording, write today for a complimentary copy of 
Coleman’s 72-page, DIGITIZER HANDBOOK ... 


C.— | COLEMAN ELECTRONICS, INC. 
= | 1383 East 162nd St., Gardena, Calif. + FAculty 1-4775 
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NEW 


Gast Booklet ready to give you 


“APPLICATION IDEAS” 


on uses of air motors, compressors, vacuum pumps 


Looking for new ways to improve methods—save time—or 
cut costs? This booklet may be valuable to you! With line 
drawings, it shows dozens of the basic principles of “purting 
air to work”. 


With photographs of our customers’ products—from air 
mixers to data plotters—it illustrates each principle. ..and 
shows how Gast rotary Air Motors, Compressors and Vac- 
uum Pumps provide advantages as original equipment or in 
plant use. 


Design Engineer or Plant Master Mechanic, you'll find this 
booklet of interest...and it may “spark” an important 
idea you can use! 
WRITE TODAY FOR NEW 
Gest Manufacturing Corp. “APPLICATION IDEAS"’ BOOKLET! 
P.O. Box 117-I 
Benton Harbor, Mich. 





CIRCLE 203 ON READER SERVICE CARD 








The P-E Model 194 Printing Integrator 


New Perkin-Elmer® Printing integrator 


-+. quantitatively integrates fluctuating electrical signal 
+. prints integrals in digital form 
.»- Operates at maximum rate of 6000 counts per minute. 


The new P-E Model 194 Printing Integrator automatically integrates electrical 
signal variations at a maximum rate of 6,000 counts per minute, prints the five- 
digit output on adding-machine tape, ready for instant use. 


The convenience and precision of the bench-size Model 194 suggest applications 
in fields where readout integration is important: in stress-strain curves, for 
example; or continuous weighing of belt-conveyed material; or rocket thrust, in 
conjunction with transducers, to obtain propulsion efficiency. 


~ 


Details on the Model 194 may indicate 
@ new application of value to you. 
Write for “Automatic Printed Integra- 
tion of Recorder Data.” 


INSTRUMENT O!1VvISton 
NORWALK, CONNECTICUT 
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Actuator Text 
Exvectric ENERGY CONVERSION. 
Y. H. Ku, University of Pennsyl- 
vania. 522 pp. Published by The 
Ronald Press Co., New York. $10. 


Departing greatly from “standard” 
scholarly treatises that deal with elec- 
trical machines, the author attempts 
to coordinate the different branches 
of an extremely broad subject by pre- 
senting a highly mathematical, unified 
treatment of energy conversion. Writ- 
ten primarily to serve in an introduc- 
tory course in electrical machinery for 
junior and senior students in electrical 
engineering, all but three short chap- 
ters are devoted to alternating current 
types of equipment. Discussions of 
the latter, making up the bulk of the 
text—some 350 pages—include trans- 
formers, synchronous and induction 
machines, and servo and capacitor mo- 
tors. Other topics treated briefly are 
direct current machines, self-synchron- 
ous systems, metadynes, and control 
systems that incorporate rotating am- 
plifiers. 

Although the mathematical aspect 
of the subject is authoritative, rigorous 
and well presented, equations have, 
for the most part, obscured the physi- 
cal realities of such fascinating equip- 
ment as transformers and rotating ma- 
chines. Since the discussions in the 
form of word pictures are generally 
sketchy, this reviewer feels that under- 
graduate students unfamiliar with elec 
trical equipment would find it difficult 
to relate mathematical concepts to 
meaningful energy: converters; more- 
over, not a single drawing or photo- 
graph is included. 

Considerable stress is placed upon 
the study of the steady state and 
transient characteristics of synchron- 
ous machines, Chapters 5 to 10. The 
presentation of the material is gener- 
ally good and is further augmented by 
the solution of several fine examples. 

It is particularly regrettable that the 
author felt it necessary to devote a 
disproportionately large part of a text 
about the general theory of energy 
converters to the subject of synchro 
nous machines. This misplaced em 
phasis is obviously the reason for the 
meager treatment of such extremely 
important topics as static and transient 
analyses of direct current machines, 
the several types of polyphase and 
single-phase induction motors, fre- 
quency and phase converters, control 
systems, and others. However, it 
should be pointed out in this respect 
that graduate students and practicing 
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| NEW BOOKS 


engineers will find the chapters on 
synchronous machines excellent source 
material; this may, indeed, be the 
book’s worthy objective. 

A fine bibliography, given at the 
end of each chapter, should be espe- 
cially useful to those doing advanced 
work; they do not, in the main, appear 
to be suitable as references for under- 
graduate students. 

C. S. Siskind 
Purdue University 


Full of Meanings 


Concise Dictionary OF SCIENCE. 

Frank Gaynor, 546 pp. Published 

by Philosophical Library, Inc., 15 

E. 40th St., New York 16, N. Y. 

$10. 

This book contains brief definitions 
of over 7500 technical words and ex- 
pressions drawn from various branches 
of the physical-sciences. 


Drawing Guide 


Frum Power D1acrams. Section 
17 of the American Drafting Stand- 
ards Manual. 24 pp. Published by 
American Society of Mechanical 
Engineers, 29 W. 39th St., New 
York 18, N. Y. $1.50. 


This publication, designated Amer- 
ican Standard Y14.17-1959, is one 
of 18 sections of the American Draft- 
ing Standards Manual which, when 
completed, will provide the means 
for obtaining uniform drafting prac- 
tices throughout the United States. 
Sections 1 through 7 and 9, 10, and 
1] have been published. Sections 8, 
12 through 16, and 18 are still in 
preparation. 

Section 17 establishes standard 
drawing practices for depicting sys- 
tems that use a fluid within enclosed 
circuits to transmit and control power. 
Drawings of hydraulic or pneumatic 
circuits for control or transmission of 
power differ in many ways from most 
other engineering drawings, since ex- 
tensive explanatory notes and data are 
usually required. Therefore, this pub 
lication explains in detail the data 
and notes that should accompany sym- 
bols and lines to make a diagram 
meet the requirements of engineering, 
sales, purchasing, and maintenance. 
Four types of diagrams are covered 
by the standard: pictorial diagrams, 
which show only external features of 
components; cutaway diagrams, which 
show principal internal working parts; 








This is the New 


High-Speed 
Tape 
Perforator 


I: can punch up to 


60 characters/sec. 
Speed is completely variable. Tally 
perforators operate asynchronous- 
ly at any rate to maximum speed. 
Their unique wire clutch drives 
let you vary speed for slaving 
to other *quipment, simplifving 
design ot many logical systems. 


Finis features, too 


@ Self-contained @ Accepts tapes 
of varying widths from 5, 6, 7, 
or 8 channels ¢ Low maintenance 
(completely enclosed mechanism 
is oil-mist lubricated) @ Quiet 
operation @ Long life through use 
of quality components. pe 


I t’s ready for 
delivery now 


Drop us a line for the full scoop— 
and the name of your nearest Tally 
engineering representative. Please 
address Dept. 0812 


| 


_5/TALLY 


REGISTER CORPORATION 
5300 14th Avenue N.W., Seattle 7, Wash. 
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Electromechanical 


Components and Systems 


OF Ter eliina’, 


AIRESEARCH 
MOTORS OPERATIONAL 
-425° 10 +600'F 


Specialized aircraft motors developed 
by AiResearch operate at temperatures 
from — 425° to +600° F. ambient. The 
range of this compact, lightweight, 4 
H.P. motor is — 65° to +600° F. 
AiResearch diversification and expe- 
rience provide full capability in the 
development and production of elec- 
tromechanical equipment and avionic 
controls for aircraft, ground handling, 
ordnance and missile systems, 
$< —___ 
A.C. and D.C. Motors, Generators and 
Controls + Inverters + Alternators « 
Linear and Rotary Actuators + Power 
Servos + Hoists « Electrical Pyrotech- 
nics * Antenna Positioners + Position- 
ing Controls «+ Temperature Controls « 
Sensors + Williamsgrip Connectors « 
Static Converters. 


Your inquiries are invited, 


THE CORPORATION 


AiResearch Manufacturing Division 


Los Angeles 45, California 
et 
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NEW BOOKS 


graphical diagrams, which provide a 
simplified method of showing function 
and method of operation of each com- 
ponent; and combination diagrams, 
which combine the previous tiree to 
emphasize, for each part, the func- 
tion that best suits the purpose of the 
diagram. Standard symbols for each 
type of diagram are illustrated. These 
symbols include components; piping; 
and capacity, power, and other ratings. 
Standard drafting practice is used for 
such things as line conventions, letter- 
ing, sheet size, and title block. 





Important Revision 


TExTBooK oF Puysics. R. Kronig, 
961 pp. Published by Pergamon | 
Press, Inc., New York 22, N. Y. $15. 
This second edition of a compre- 
hensive textbook on physics is greatly | 
expanded and brought up to date. It | 
will have particular interest for those 
who, while not actually working as 
physicists, require knowledge of this 
field from time to time; included in 
this group are design engineers, 
biologists, chemists, etc. To meet the | 
requirements of these various cate- | 
gories, smaller type is used to cover | 
the more advanced passages and aster- | 
isks set off topics of more specialized | 
interest in such a manner that those | 
who wish to omit this more detailed 
data may do so without destroying 
continuity of the subject under study. 
Four major divisions constitute the 
organization of the material. The first 
deals with vibrations, electrodynamics, 





mechanics, and optics. The second 
covers atomic theory including inter- 
pretation of the properties of matter 
in atomic terms. The third consists | 
of two chapters devoted to physicial 
instruments and the book ends with a 
survey of medical physics. Data on 
new experimental techniques, such as 
the bubble chamber and microwave 
spectroscopy, is included. 

Another improvement over the first 
edition is the addition of test prob- | 


lems at the end of each chapter. In | 


conformance with the author's desire | 
to arrange the material to suit various 
categories of readers, the problems are 
grouped into three sections, classified 
according to difficulty. Some readers 
may find of particular interest and use 
the fact that throughout the book, the 
rationalized Giorgi system based on 
four fundamental units is employed. | 
F, A. McKenna 
Wheelock Signals, Inc. 
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PUNCHED TAPE 
BLOCK READER 


A versatile input device for 
numerically controlled systems 


Tape: Standard 1 inch 5, 6, 7 or 


8 levels, paper or Mylar. 


Capacity: Up to 30 lines per reading 


(240 bits.) 


Up to 10 frames per second. 


Speed: 


Output: Triple wire brush contacts, 


rated at 50V and 50mA non- 
inductive. 


Pertormance: Tested for 500,000 readings 
without error 


$1200. (12-line reader). 


WANG LABORATORIES, INC. 


12 Huron Drive, Natick, Mass. 


Olympic 3-3910 
CIRCLE 205 on READER SERVICE CARD 


Price: 


“INSTANT PRESSURE REGULATION 
0 TO 3000 PSI 


HI/LO HAND LOADER 


GENERAL SPECIFICATIONS 
Port Size | %” tube per AND 10056 


Pressures | Operating—0-3000 psi 
Proof —6000 psi 
Burst—7500 psi minimum 


Exceeds ee other 
loader available 


—0 to 160°F 
2¥3 pounds 





Flow 
Operating 
Temperatures 

Weight 














WRITE TODAY for complete details 


DISTRIBUTION 
CORPORATION 
1717 N. Chico Ave. So. El Monte, Calif. 
Representatives in principal cities 
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| MEETINGS 


DECEMBER 


Fourth Midwest Symposium on Cir- 
cuit Theory, sponsored by IRE Pro- 
fessional Group on Circuit Theory, 
Brooks Memorial Union, Marquette 
University, Milwaukee, Wisc. 

Dec. 1-2 

Eastern Joint Computer Conference, 
sponsored by AIEE, ACM, and 
IRE, Hotel Statler, Boston, Mass. 

Dec. 1-3 

American Institute of Chemical Engi- 
neers, Annual Meeting, Sheraton 
Palace Hotel, San Francisco, Calif. 

Dec. 6-10 


JANUARY 


Sixth National Symposium on Relia- 
bility and Quality Control, spon- 
sored by IRE, AIEE, ASQC, and 
EIA, Statler Hilton Hotel, Wash- 
ington, D. C. Jan. 11-13 

Case Institute of Technology, Opera- 
tions Research Short Course, Cam- 
pus, Cleveland, Ohio Jan. 18-29 

Stress Measurement Methods Sym- 
posium, sponsored by Strain Gage 
Readings (journal), Arizona State 
University, Temple, Ariz. Jan. 25-29 

American Institute of Electrical Engi- 
neers, Winter General Meeting, 
New York City Jan. 31-Feb. 5 


FEBRUARY 


Instrument Society of America, In- 
strument-Automation Conference 
and Exhibit, Houston Coliseum, 
Houston, Tex. Feb. 1-5 

Institute of Radio Engineers, Winter 
Convention on Military Electronics, 
Ambassador Hotel, Los Angeles, 
Calif. Feb. 3-5 

Seventh Annual Solid-State Circuits 
Conference, sponsored by IRE, 
AIEE, University of Pennsylvania, 


Philadelphia, Pa. Feb. 10-12 


MARCH 


Instrument Society of America, Tem- 
perature Measurement Symposium, 
Deshler Hilton Hotel, Columbus, 
Ohio March 9-1] 

Institute of Radio Engineers, National 
Convention, Coliseum and Wal- 
dorf-Astoria Hotel, New York Cit) 

March 21-24 

22nd Annual American Power Confer- 
ence, sponsored by Illinois Institute 
of Technology, Hotel Sherman, Chi- 
cago, Ill. March 29-3] 
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NEW 


AUTO-BIN-DICATOR 


AUTOMATIC BIN LEVEL INDICATOR 
Aversatile addition to the Bin-Dicator 
line of bulk material level controls. 


NEW corrosion-resistant 
construction 


NEW stainless stee! 
diaphragm 


NEW super-sensitive 
operation 


Explosion-proof and 
general purpose models 


listed by 
) Underwriters’ 
Laboratories, Inc. 


Prevents overflowing of bins, 
clogging of conveyors, chok- 
ing of elevators, damage to 
machinery; cuts operating 
costs. Provides simple, reliable, 
positive control at low cost. 


ler Bull orc «= E BIN-DICATOR Co. 

or or 

VAllley 2-6952 13946-F3 Kercheval + Detroit 15, Mich. 
*TM PATENT PENDING 


WE SELL DIRECT * PHONE ORDERS COLLECT 
CIRCLE 207 ON READER SERVICE CARD 


Manufacturers of: 


PHAZOR Put 


METERS 


NULL 
DETECTORS 


IMPEDANCE 
COMPARATORS 


POWER 
OSCILLATORS 


MODEL 
200AB 


PRICE 


2° absolute accuracy FREQUENCY 
Readings not affected by noise and harmonics STANDARDS 
Frequency range 15 CPS— 30KC 

Accuracy to .01 degree with simple circuit techniques ° 
High sensitivity on input & reference channels 

Can measure in-phase & ‘quadrature voltage component ew 


For further information contact your nearest 
representative or write for brochure . 


INDUSTRIAL TEST EQUIPMENT CO 
55 E llth ST NEW YORK 3 GR 33-4684 


Other Electronic 
Test Equipment 
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MODERN 
ELECTRONIC 


ENGINEERING 


GIVES PRECISE 
MOTOR SPEED 
CONTROL 
1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant forque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 





WHAT’S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make 
important reference-type editorial material available to 
CoNTROL ENGINEERING readers in convenient filable form. 
Some reprints are individual articles, while others are ““‘pack- 
ages’’—several articles published over a period of time that 
logically supplement one another in the coverage of a specific 
phase of the control field. Any reprint can be obtained at 
the nominal cost listed below by filling in the order form and 
sending it, together with remittance, to Readers Service 
Dept. Quantity rates will be quoted on request. 


How to Use the Root Locus in Control 
System Design, 12 pp. Another reprint 
that translates theory into practice. Eight 
simple rules make locus construction 
easy, even including the effects of dis- 
tance-velocity lags. Articles show how 
to interpret the locus diagram, how to 
determine transient response, and how 
to use locus techniques with multi-loop 
systems. 45 cents. 

Complete Analysis Instrumentation 
Series, 112 pp. Special rate for those 
who order all three parts (I, II, and III) 


of Analysis Instrumentation Series; 17 per- 
cent discount on 112 pages of timely 
technical information for process control 
engineers. $1.75. 

Analysis Instrumentation—III—Electro- 
chemical Methods, Mass Spectrometry, 
Continuous Viscometers, X-Ray Tech- 
niques, K-Capture, Physical and Chemical 
Property Testers, Emission Spectroscopy, 
48 pp. Reprint includes last nine articles 
of Analysis Instrumentation Series. $.90. 

Analysis Instrumentation — II — Refrac- 
tometers, Infrared Analyzers, Photometric 





Reprint Order Form 





Reprint 


Unit price No. ordered Subtotal 





How to Use the Root Locus 
Complete Analysis Instrumentation 
Analysis Instrumentation—II1 
Analysis Instrumentation—II 
Analysis Instrumentation—| 
Fundamentals of Multivibrators 
Control System Test Equipment 

Ac Adjustable-Speed Drives 

A New Way to Select Control Valves 
Ready Reference Data File—II 
Fundamentals of Tic-Motor Control 


Economics in Control 
Re 


Servo Design Techniques 
Flowmeters 

Applying Control Timers 
Control System Reliability 


Ready Reference Data File—I 
Servo Modulators 


Basic Data on Process Control 
How to Simulate Dead Time 
Power Amplifiers 





330 W. 42 St., New York 36, N. Y. 


How to Use Phase Plane Techniques... .. 


Calculating a Control Index........... 


Point-to-Point Positioning Systems—I, II & III... 


The Uses of Digital Computers......... 


Reader Service Dept., Conrrot ENGINEERING 


$0.45 
$1.75 
$0.90 
$0.60 
$0.60 
$0.50 
$0.60 
$0.50 
$0.50 
$0.50 
$0.30 
$0.50 
$0.50 
$0.40 
$0.30 
$0.65 
$0.50 
$0.50 
$0.20 
$1.50 
$0.50 
$0.65 
$3.00 
$0.50 
$0.15 
$0.50 
$0.50 


Servoqpecd 


DIV. of "ELECTRO DEVICES, Inc 
4 Godwin Ave., Paterson, N. J 
ARmory 4-8989 
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Analyzers, Colorimetry, 32 pp. This in- 
cludes the second group of four articles 
of the Analysis Series. 60 cents. 

Analysis Instrumentation — I — Nuclear 
Magnetic Resonance, Chromatography, 
Radioactivity, 32 pp. Reprint consists 
of first 4 articles of Analysis Instrumenta- 
tion Series: a general introduction and 
detailed discussions of the three analysis 
techniques. Emphasis is on basic princi- 
ples, practical tips, and the use of these 
techniques in automatic process control. 
60 cents. 

Fundamentals of Multivibrators, 12 pp. 
Multivibrators are the electronic equiva- 
lent of the double-throw electromechani- 
cal relay and can perform substantially the 
same functions (memory, logic, gating, 


| 
| 





| 


counting), but at enormously higher speeds. | 


They can be built around vacuum tubes, 
transistors, square-loop magnetic materials, 
neon tubes, thyratrons, and cryotrons. This 
reprint covers a broad selection of multivi- 


brator circuits that are especially applicable | 


to control systems. 45 cents. 


A Roundup of Control System Test | 


Equipment, 24 pp. Specialized control 


system test equipment divides into three | 


classes: 1) devices that only generate a test 
signal, 2) systems that both disturb the 


system and provide a means for evaluating | 


response, and 3) devices that only evaluate 
control system response. A survey of equip- 
ment and tips on using it. 60 cents. 
Survey of Ac Adjustable-Speed Drive 
Systems, June 1959, 16 pp. Largely re- 


garded as constant-speed devices, multi- | 


speed ac actuators actually take many effi- 
cient forms. The recent resurgence of in- 
terest in these ac adjustable-speed systems 
prompted this comprehensive coverage 
of pole-changing techniques, srmature 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec- 
tion, and the use of eddy-current couplings. 
50 cents. 

A New Way to Select the Best Control 
Valve, 16 pp. This three-article reprint 
takes a fresh look at the problem of spec- 
ifying process flow control valves. The 
author gives rules for selecting the right 
valve characteristics based on static and dy- 
namic considerations, takes into account 
the influence of piping on valve perform- 
ance, and tackles the problem of sizing 
valves for maximum flow and for control 
rangeability. 50 cents. 

Ready Reference Data Files—II, 24 pp. 
Includes the second dozen data files pub- 
lished in Control Engineering. Add it 
to Ready Reference Data Files—I to keep 
your personal file up to date. Topics cov- 
ered range from analyzing hydraulic servos 
graphically to using silicon diodes as pro- 
tective devices. 50 cents. 

Fundamentals of Tie-Motor Control, 12 
pp. Although high-powered  synchro-tie 
systems have been around for a long time, 
only recently has enough experience been 
logged to put their design on a scientific, 
rather than cut-and-try, basis. This reprint 
examines the types of motors that can 
be used in the light of the application 
characteristics, and considers the special 
circuit designs that are required. 30 cents. 


Applying Phase-Plane Techniques to | 
Nonlinear System Design, 16 pp. This | 
Continued on page 180 | 
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ONE COUNT S*‘VITCHING 
FOR, ore crciz swircuinc 
DIFFERENTIAL COUNTING 


use the new 


Cyclo-Master 


continuous cycling preset counter and controller 
® Counts electric impulses at speeds up to 1000 counts 
per minute 
® Can be preset to any cycle from 1 to 100 counts 
® Recycles without pause or hesitation 
® ideal for automatic control of machines and processes 


WRITE FOR BULLETIN 700 


COUNTER o¢ CONTROL CORPORATION 


4509 WEST BROWN DEER ROAD © MILWAUKEE 18, WISCONSIN 
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computer designers: 


career progress stopped up? 


Data Systems can pull the stopper. Computer design and development 


engineers are needed to work on a variety of commercial projects These 
include automatic industrial controls, special purpose digital data process 
ing equipment, and advanced mark sensing systems involving high speed 
paper handling devices. Expansion of the department to twice its present 
size in the next six months is creating plenty of room for fast advancement 
Pay schedules are excellent. Working conditions are ideal. A new facility 
is planned for the Newport Beach (Southern California) area 

If your present position has lost its challenge. or if you feel you're ready 
for the next step up, contact John Flynn, Area 22. 


Data Systems Dept. 
NORDEN DIVISION 


UNITED AIRCRAFT CORPORATION 
13210 Crenshaw Boulevard « Gardena, California 





products 


services 


Reticles for Optical and Photoelectric Instruments + Precise Photography ° 
Precision Patterns on Glass & Metal « Electroforming and Electroetching ° 
Circular, Linear, Cylindrical, Spherical Dividing 





ate hOR Sok 2S leona. i leom es) -a'i les -2-} | 


Shaft Position Encoder + Pulse Generators * Readout Devices for Angular | 
and Linear Position 


: OPTICAL INSTRUMENTS 


Optical Coincidence Reading Systems * Coliimators * Special Optical 
Instruments 


SURVEYING INSTRUMENTS 


Transits * Theodolites * Levels + Alidades + Rods * Plane Tables « Field 


‘ ae Ach tel melciios Vit baa i800 ta he) 
Current Meters * Water Level Recorders » Hook Gages 


™ 

a 
S. 

ct 

3 

o 

: 
— 


js METEOROLOGICAL INSTRUMENTS 


Wind Direction and Velocity + Pilot Balloon Theodolites 


Smoothness, Stiffness, Porosity, Sizing Testers for Paper & Textiles 


Standards of Mass, Length and Volume + Balances 


Check and mail for literature desired 
W.&L.E.GURLEY / 537 FULTON ST. TROY, NEW YORK 
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SCHULER 


Enlarged research and develop- 
ment of precision mechanisms 
used in Inertial Guidance have 
enlarged our staff openings for 
engineers, scientists and mathe- 
maticians with 3 to 5 years of expe- 
rience in this field. Write to Mr. 
C. T. Petrie, Manager, Research & 
Engineering Staff. 





LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 
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series of three articles is designed to teach 
the use of phase-plane techniques to work- 
ing system designers, on a practical rather 
than theoretical basis. It tells how to 
construct a phase-plane plot, how to in- 
terpret a plot in terms of system per- 
formance, and how to synthesize nonlinear 
systems using phase-plane techniques. 50 
cents. 

Economics in Control, December 1958, 
24 pp. A special report covering the eco- 
nomic aspects of modernizing with control 
systems. It starts off with a guide to the 
financial facters of modernization, then 
tells the control engineer how to spot 
opportunities where the addition of in- 
strumentation and control equipment will 
earn money, and concludes with nine case 
histories showing specific benefits of mod- 
ernizing with control systems. 50 cents. 

First-Hand Report on Control Inside 
Russia, November 1958, 16 pp. A team of 
14 U. S. control engineers representing the 
American Automatic Control Council re- 
ports on the status of automatic control 
in Russia. Each expert gives impressions of 
progress in his field of interest based on 
visits to Russian user plants and research 
facilities. 40 cents. 

How to Calculate a Control Earning In- 
dex, 12 pp. Shows a four-step method for 
predicting the increment of improved plant 
economy resulting from the addition of in- 
struments and controls, and reports on ex- 
perience in applying this method to three 
typical industrial processes. 30 cents. 

Servo Design Techniques, 32 pp. A re- 
print of six related articles describing vari- 
ous electromechanical servo design tech- 
niques. Items include tachometer limiting, 
force-reflecting servos, calculating perform- 
ance of drag-cup tachs, dual-mode servo 
compensation, applying packaged servo ac- 
tuators, and cascading resolvers without 
amplifiers. 65 cents. 

What’s Available in Flowmeters, 24 pp. 
A comprehensive coverage of positive dis- 
placement, velocity, and mass flowmeters, 
including characteristics, applications, and 
typical manufacturers; plus details of a 
special drag disc meter. 50 cents. 

Selecting and Applying Control Timers, 
24 pp. A compilation of four articles 
including a tabular description of timer 
functional parts, criteria for selecting and 
applying control timers, a tabular listing 
of available timer types and their charac- 
teristics, and techniques for custom-design- 
ing controls for time-based routines. 50 
cents. 

What the Control Engineer Should 
Know About Reliability, April 1958, 8 pp. 
Not intended as a comprehensive treatise, 
but rather as a guide to aim the control 
engineer in the right direction, this staff- 
written article discusses the new concept 
of systems effectiveness, and briefly covers 
techniques for measuring reliability, pre- 
dicting reliability, improving reliability, 
and costing reliability. Up to date refer- 
ence sources increase the value. 20 cents. 

Survey of Numerically-Controlled Point- 
to-Point Positioning Systems, 72 pp. This 
complete series covers 31 domestic and 
foreign systems. Detailed operational and 
performance characteristics of each system 
are discussed. $1.50. 
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A MESSAGE TO AMERICAN INDUSTRY 


ONE OF A SERIES 


Tuition Supplements ~ 


One Good Way To Help 
Our Colleges And Universities 


The business community has made an im- 
pressive start in going to the desperately needed 
financial aid of our colleges and universities. 
Business contributions to higher education have 
increased from only $40 million in 1950 to 
$136 million in 1958. 

This rise in financial aid to higher edu- 
cation should be a great source of satisfac- 
tion to the business community. But it goes 
only part way toward meeting the growing 
needs of colleges and universities for fi- 
nancial help. Over the next ten years busi- 
ness aid to our privately supported colleges and 
universities alone must increase to at least $500 
million a year merely to provide decent faculty 
salaries and meet the increased operating costs 
of taking care of enrollments that will almost 
double. 

One pervasive reason why many business 
firms have not joined the ranks of the companies 
contributing to higher education seems to be that, 
in the interest of prestige and public relations, 
they are making their provision of aid contingent 
upon finding some particularly novel way of 
providing it. So long as this point of view per- 
sists, business aid will lag, for there are simply 
not enough ways of providing financial aid that 
are both notably novel and sensible.* 


How The Plan Works 


There are, however, some well-tested ways of 
providing aid which improve rather than fade 
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in appeal with more using. One such way is the 
making of supplemental tuition payments to 
colleges and universities at which a company’s 
employees take courses. 

Many companies have scholarship or tuition- 
refund programs which cover all or part of 
the costs to their employees of taking college 
courses. But, in most colleges and universities, 
tuition charges fall far short of covering the full 
cost of the education given. By making an un- 
restricted “cost-of-education” grant a part of 
their employee scholarship or tuition-refund 
plans, these companies could make a material 
contribution toward covering the college’s full 
costs as well. 

The tuition supplement can be a fixed amount 
or a percentage of the tuition charged. Some 
plans provide for supplements as high as 100% 
of tuition, though there is usually an upper limit 
to the total supplemental payment given for 
each employee enrolled in the institution. 

The plan seems to have originated with the 
Ford Motor Company Fund. When we at 
McGraw-Hill first learned of it, it appealed to 
us as having so many advantages, and so few 
disadvantages, that we adopted it as one part of 
our own program of financial aid. 


*The efforts of the McGraw-Hill Publishing Company to find 
a suitable method of aiding higher education prompted the 
writing of a “more or less Socratic dialog” entitled A Business 
Wrestling with the Problem of Aid to Colleges and Univer- 
sities. Copies of this pamphlet, which underlines the difficulty 
of finding both a novel and satisfactory method of providing 
aid, are available on request. 








HOW THE HEADS OF SOME OF THE INSTITUTIONS 
TO WHICH McGRAW-HILL HAS MADE GRANTS FEEL 
ABOUT THE TUITION SUPPLEMENT PLAN 


“We are pleased not only because this addition 
to the never adequate supply of non-earmarked 
funds is a most welcome one, but also because 
it attests to the fact that the employees of our 
neighboring business firms are benefiting from 
the courses we offer at times vonvenient for 
them. We hope this mutua‘iy beneficial plan 
may continue and grow with the years.” 

Grayson Kirk, President 

Columbia University 


“T shall take this occasion to express deep sen- 
timents of appreciation, in my own name and 
in the name of the members of the Board of 
Trustees, for the very effective manner in 
which your corporation is aiding higher edu- 
cation by the payments made under your tui- 
tion supplement plan. Certainly your action is 
indicative of the fact that you realize industry 
and higher education must join forces to pre- 
serve the basic American system of free en- 
terprise.” 

Very Reverend John A. Flynn, C.M. 


President, St. John’s University 


“The growing recognition by business and in- 
dustry of the financial needs and important 
services rendered to the community by the col- 
leges and universities is most encouraging, and 
Temple University is deeply appreciative of 
the fine support extended through McGraw- 
Hill’s program of supplementary grants.” 
Robert L, Johnson, President 
Temple University 











The Plan’s Advantages 


The main advantages of the tuition supple- 
ment plan are: 

@ It is simple and easily administered. 
Payments can be made when scholarships or 
tuition refunds are granted, or at another time 
convenient to the company. 

® It relieves the company of the difficult 
and sometimes disagreeable task of choos- 
ing one college rather than another. The 
individual employee makes the choice. 

@ It directly serves the interest of the 
company by encouraging and aiding the 


institutions where its employees take 
courses. In a sense, the company makes contri- 
butions in direct proportion to the value it re- 
ceives in education for its employees. 

@ It directly serves the interest of the 
colleges and universities receiving the 
grants by getting money to them in the 
form most appreciated—unrestricted funds to 
be used at the discretion of their administrators. 

Largely because tuition supplements are un- 
restricted as to use, this plan enjoys the unquali- 
fied approval and gratitude of the schools re- 
ceiving such aid. This is not true of some of the 
other plans for granting aid to colleges and 
universities. 

Tuition supplements, of course, can’t be re- 
garded as large efforts relative to the need of 
higher education and the responsibilities of 
business. But they are a very practical and use- 
ful first step, involving almost no problems. If 
you are not familiar with the idea of supple- 
mental grants, why not discuss it with some of 
your friends in the field of higher education? 


The Price Of Novelty 


Our experience with tuition supplements in- 
dicates that this is an excellent plan, and we 
are glad to recommend it to other companies 
looking for an effective method of providing 
financial aid to higher education. 

At any rate, we hope that business firms will 
not postpone granting financial aid until they 
find some novel way of doing it. If they do, it 
will be another case of too little and too late. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nation-wide developments. Per- 
mission is freely extended to newspapers, 
groups or individuals to quote or reprint all 
or parts of the text. 


Roustal OmMeLrem— 


PRESIDENT 
McGRAW-HILL PUBLISHING COMPANY, INC. 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, management, technical, selling, office, skilled, manual, ete. 


Civil Service Opportunitie 
: Selling Opportunities Wanted 
Part Time Work Selling Opportunities Offered 
DISPLAYED RATES——— 
The advertising rate is $23.80 per inch for all advertising ap- $2.10 


pearing on other than a contract basis. Contract rates quoted 
on request. 


Positions Vacant 


Employment Agencies 
Positions Wanted 


Employment Services 
Labor Bureaus 


UNDISPLAYED 

per line, minimum 3 lines. To figure advance payment 
count 5 average words as a line. 

Position Wanted—The rate is one-half of the above, payable 
in advance. 

Box Numbers—counts as | line 

Discount of 10% if full payment is made im advance for 4 con- 
secutive insertions. 

Not subject to Agency Commission 


NATIONAL 
COVERAGE 


An advertising inch is measured %” vertically on a column—3 
columns—30 inches to a page. 


Subject to Agency Commission. 


Send NEW ADS or Inquiries to Classified Advertising Division of CONTROL ENGINEERING, P. O. Box 12, N. Y. 36, N. Y. January issue closes Dec. 2nd. 











CHEMICAL, 


“Transistorized”™ 
PETROLEUM OR 


Engineers 
POWER ENGINEERS develop the instrument, 


sis alee =e - become the expert at 
e Foxboro Company is adding to its =----~ ° » - . 
ous 6 all tin ee > ie z General Electric’s Instrument Department 


ee ee ee ore FULL RESPONSIBILITY for “something you can get your 
hands around.” Design, development, production, application. 


market. Men needed should be graduate 

CS Sn See See SOPHISTICATED CHALLENGE creating instruments to 

mentation or process control experience in * . 

ho dasdal, sane Gin oF tne measure and control using newest technologies. (e. g. Nuclear 

tedhestiien. Nae aint Gis cate eae and Reactor Instrumentation, Central Station Automatic Dis- 
patching Systems, Turbine Supervisory Instruments, Process 
Recorders and Controllers.) 


should enjoy working with our customers 

and sales personnel. If you feel qualified 

for one of these challenging career cp- 7 § s 
DIVERSITY—a field vital to complete industrial automation, 
ever creating opportunity with each new instrument applica- 
tion or development. 


portunities send a letter and resume to: 

PROFESSIONAL DEVELOPMENT deep in the technology 
you choose, broad through contact with industrial applica- 
tion, commercial and military products. 


OUTSTANDING G-E BENEFITS PLUS the educational, 
cultural, recreational, and suburban living advantages of the 
Boston area. 


Engineering Recruitment Office 


RES. U.S. PAT. OFF. 


The Foxboro Company, Foxboro, Mass. 








Minimum requirements: B.S. in E.E. or M.E.; 


experience in electronics 
circuitry development and design. 


“Put Yourself in the 
Other Fellow’s Place” 


TO EMPLOYERS 
TO EMPLOYEES 


Letters, written offering Employment or apply- 
ing for same are written with the hope of 
satisfying a current need. An answer, regard- 
less of whether it is favorable or not, is 
usually expected. 


Several select positions also available in air 
craft and missile instrumentation. For more 
informz!on, write: Mr. H. E. Crabtree, Mgr., 
Engineering Administration, 50 Federal &t., 
West Lynn 3, Mass, 


INSTRUMENT DEPARTMENT 
GENERAL QP ELECTRIC 











ELECTRONIC 
DESIGN SUPERVISOR 


Poawente desi engineer with M.S.— 
E. E. or hD- EE. or Physics and exten- 
=~ Sesign experience with supervisory 
bilities. Activities 





INSTRUMEN [ATION 
ENGINEERING 
CONSULTANTS 





MR. EMPLOYER, won’t you remove the mystery 





about the status of an employee’s application 
by acknowledging all applicants and not just 
the promising candidates. 


MR. EMPLOYEE you, too, can help by acknowl- 
edging applications and job offers. This would 
encourage more companies to answer position 
wanted ads in this section. 

We make this suggestion in a_ spirit of 
helpful cooperation between employers and 
employees. 

This section will be the more useful to all as 
a result of this consideration 


Classified Advertising Division 


McGRAW-HILL PUBLISHING CO., INC. 


330 West 42nd St., New York 36, N. Y. 








will include “developing new measuring 
control systems employing such suincighee 
as micro-wave, infra- and multi-radio 
frequencies as well as conventional radia- 
tion source detector devices and to provide 
practical engineering leadership. 


Excellent salary and bonus, modern air- 
conditioned pliant near Columbus’ nicest 
living areas, sch and shopping facili- 
ties. 





Address resume of experience and educa- 


tion to 
Phil Paul 


INDUSTRIAL NUCLEONICS 
CORPORATION 


650 Ackerman Road 
Columbus 14, Ohio 








Opportunity for men experienced in the engineering 
of control systems for the process industries to 
join a progressive growth company. 


Will assume responsibility in the Engineering and 
Field Construction Division. Our services inotude 
instrument system design. engineering, construction 
and maintenance. Engineering or construction firm 
experience preferred, with a proven record of tech- 
nical ability and practical know-how in directing 
engineering talent. 


We offer top salaries, suburban Chicago ioéation, 
recognition of your achievements and other benefits. 
For interview send resume to Mr. W. A. Wecker, 
Personnel Director. 


PANELLIT SERVICE CORPORATION 
7401 N. Hamlin Avenue 
Skokie, Illinois 
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- EMPLOYMENT OPPORTUNITIES 


INSTRUMENTATION ENGINEERS | | Foe appiTioNAl 


PRODUCTION-DEVELOPMENT-RESEARCH INFORMATION 


The development and application of instrumentation and automation techniques to 
production, development, and research programs in our Nuclear Energy Instaltations. 


Engineering graduates with experience in electronic or pneumatic process control instru- About Classified 


mentation requifed. Knowledge of data acquisition, system analysis, analytical instruments 


and measurement standards also desirable. Advertising, 


Exceptional opportunities, competitive salaries, modern and unique facilities, liberal 
benefit plans, educational and training programs, plant interview and family moving 


expenses, moderate climate, year around outdoor recreational activities, low cost ‘ied £t é 
living, available housing. ontac 


OAK RIDGE NATIONAL LABORATORY By A VT) ce Graw- LU; 4 


OAK RIDGE Y-12 PLANT 

GASEOUS DIFFUSION PLANTS —O 4 V). 
Oak Ridge, Tennessee, and Paducah, Kentucky tce earest ou 
Send your resume to: 


UNION CARBIDE NUCLEAR COMPANY ATLANTA, 3—~ 


1301 Rhodes-Haverty Bidg. 
Central Technical Personnel Office, P. O. Box M, Oak Ridge, Tennessee JAckson 3-6951 


R. POWELL 











ENGINEERS ASS’T CHIEF ENGINEER BOSTON, 16—350 Park Square 


FRACTIONAL HP MOTORS HUbbard 2-7160 
Est. growing company in hea contro! fleld Experience design and devel: t of Ht mot 
pee nee hy hio openings available. lable for electrical and other precision electromechanical devices for M. J. HOSMER 

J both military and commercial use. Leading to 
Application Engineering position of chief engineer, A fast growing con- 


Control Engineering — sig ameeg , A. CHICAGO, 11—520 No. Michigan Ave. 
Control Systems Engineering 28 E. Jackson Chicago 4, Ilinois MOhawk 4-5800 
Ciecult breaker design engineering. W. HIGGENS - E. S. MOORE 

. a : 
ie a aan oh aon. | | 1 Component Engineers 


lease reply with resume to: SALARY $14,000 PER YEAR CLEVELAND, 13— 











A leading prime contractor in electroni eed i i 
Personne! Direcior oy iggy ater “Fey — 1164 Illuminating Bidg. 


SQUARE D COMPANY og OR eo gull eee 
EC&M Division pany client will assume all employment expense. W. B. SULLIVAN - T. H. HUNTER 


‘ ESQUIRE PERSONNEL INC. 
4500 Lee Road—Cleveland 28, Ohio 202 South State St., Chicago 4, II. 














DALLAS, 2—1712 Commerce St., 
LEGAL NOTICE Vaughan Bldg: 


Riverside 7-5117 
ANALYTICAL OA 1k, AB AMENDED BY THE ACtO OF GORDON JONES - F. E. HOLLAND 


AARC oT 3. 1983, AND JULY 2, — (Title 


39, United States Code, Sectic 233) 
SHOWING THE OWNERS x 
ENGINEER MANAGEMENT. AND HIP, DETROIT, 26—856 Penobscot Bldg. 
CIRCULATION WOodward 2-1793 
eee Of Control Engineering published monthly at Albany, 
You Get Recognition New York for October 1. 1050. a gcadbgliese J. R. PIERCE 
a The names and addresses of the publisher, editor, ‘ Me 
and Advancement With managing editor, and business managers are: Published 
ry cGraw-Hill Publishing Company, Inc., 330 West 
a Growth Company! 43nd Street, New York : 6, N.Y i Rditor, W. 'E Vannah, LOS ANGELES, 17—1125 W. 6 St. 
es ne ree’ ew York 36, N. Y.; Managing 
‘ editor, B. K. Ledgerwood, 330 West 42nd Street, ow HUntley 2-5450 
Working with us, you'll utilize ALL your York 36, N. Y.; Business Manager, W. C. Carmichael, 
talents in handling important assi prstonts 33 2 The 42nd eM New ‘Hit > N.Y + on 
; sas he owner icGraw il ul shing © 
corver growth. he Streamer st cor com: | PUting han, emt Sr her York 30,8. Vo eet: , 
~ A rc 4 “ holders holding 1% or more of stock are Donald C. i 
pact but versatile & enthusiastic staff, McGraw & Willard T. Chevalier, got, eno: De Inden- NEW YORK, 3 500 Fifth Ave. 
you can’t be pigeonholed or overlooked ture of Trust m/b James H. McGraw, dated 1/14/21 OXford 5-5959 
in our young and growing company as as modified; Donald C. McGraw & Harold W. McGraw, 
we mest the demends of industry's oc- Trustees under an Indenture of Trust m/b James H. Mc- H. T. BUCHANAN - R. P. LAWLESS 
aiiuausad: eouiaandee cons Graw, dated 7/1/37 as amended; Donald C. McGraw, indi- T. W. BENDER 
9 ig programs. Mees (all of 330 West 42nd St., New York 36, 
The man we want must be capable of Bi SA | ag od Calle ; 
analyzing control systems using an ana- Affifated Fund, Inc., 6% Wall St., New York, N. Y.; PHILADELPHIA, 3— 
log computer as a design tool. He should Genoy & Co., P. ©, Box 491, Church St. Station, New ° 
also possess a thorough knowledge of at 5.5 Supepetene & Co., c/o Wellington Fund, Six Penn Center Plaza 
= 2 ne., aymont, elaware 
servo-mechanisms and process control, 3. The known bondholders. mortgagees, and other LOcust 8-4330 
and at least 5 years’ experience. Suc- security holders owning or holding 1 percent or more of 
cessful candidate will enjoy excellent pay, tota! amount of bonds, mortgages, or other securities H. W. BOZARTH 
fine working facilities and on unsurpas- are: None. 
sed benefit program. Write Mr. TOM RI 5s oy 2 rig Sa. in cases where the 
4 ‘ stockholder or security holder appears upon the books of ; 
FURIA. Chief Engineer. the company’as trustee or in any other fduolary relation ST. LOUIS, 8—-3615 Olive St. 
he name o! ne person or corporation for whom such « 
trustee is acting; also the statements in the two para JEfferson 5 4867 
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the circumstances and conditions under which stock- 


(Formerly CDC Control Services, Inc.) boop ef the eemnpemy ag trustees, hold stock and secur. SAN FRANCISCO, 4—68 Post St. 


ties in @ capacity other than that bonda fide own -4600 
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y JOHN J. COOKE, Secreta . BA’ 

Hatboro, Pa. Sworn to ant _subseribed before me this 10th day of oo 


Se 
(Suburban Philadelphia) [SEALY 





JANET A. HARTWICK. 
(My Commission expires March 30, 1961) 
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PROJECT ENGINEER 
GROUND SUPPORT EQUIPMENT 


To direct analysis of require- 
ments and development of 
ground support equipment 
for inertial instrumentation 
and systems. Establish opti- 
mum test philosophies, direct 
hardware group, maintain 
GSE capability. Should have 
analytical and managerial 
ability and experience with 
inertial systems, digital cir- 
cuitry and systems design. 


To arrange interview call col- 
lect, Niagara Falls BUtler 
5-7851, or send resume to: 


SUPERVISOR ENGINEERING EMPLOYMENT 


BELL AIRCRAFT 
CORPORATION 
BUFFALO 5, NEW YORK 


EMPLOYMENT OPPORTUNITIES 














DECEMBER 


ENGINEERS 


Interested in Becoming 
a Specialist in 


PRECISION 
ROTATING 
COMPONENTS? 


Ketay Department offers 
immediate opportunities in 
Design and Developments of: 
SYNCHROS & RESOLVERS 
MOTORS & TACHOMETERS 
TRANSISTORIZED 
AMPLIFIERS 


U. S. Citizenship Required 


if you take pride in fine engineer- 
ing, and are looking for an oppor- 
tunity to grow professionally, con- 


tact KETAY 
Send your resume to: 
TECHNICAL PERSONNEL DEPT. 


KETAY DEPT 


NORDEN DIVISION 
UNITED AIRCRAFT CORP. 


Jericho Tpke & Larkfield Road 
Commack, Long Island, New York 


1959 


why 
control engineers 
make 


FASTER 


PROFESSIONAL 
PROGRESS 


at General Electric’s expanding Specialty Control Dept. 


With more than 70% of the business 
broadly-based in commercial work, G.E.’s 
Specialty Control Department couples 
the advantages of long-term stability with 
fresh engineering challenge in the rapid- 
ly expanding field of industrial automa- 
tion and control. 


Today’s emphasis on new and larger 
markets for automatic machine program 
controls, automated manufacturing 
equipment and systems provides unusual 

| professional potential for the engineers 
who join us now. 


In addition, military programs here 

which involve control components and 

systems for aircraft, missiles and ground 

support equipment offer a growing share 
| of unique technical assignments. 


Systems under development utilize a 
variety of advanced components and 
techniques, including: 


ELECTRICAL & HYDRAULIC SERVO SYSTEMS / 
ELECTROMECHANICAL TRANSDUCERS / TRAN- 
SISTORS / MAGNETIC AMPLIFIERS / PHOTO- 
ELECTRIC DEVICES / INFRARED / MICROWAVE / 
DIGITAL CIRCUITRY / INFORMATION HANDLING 
SYSTEMS / MINIATURIZED, SEALED RELAYS 


Starting salaries range from $6,500 to 
$14,500 for positions immediately avail- 
able in areas of: 


ADVANCE PRODUCT ENGINEERING / RELIA- 
BILITY ENGINEERING / CIRCUIT DESIGN / 
MECHANICAL DESIGN ENGINEERING / ADVANCE 
DEVELOPMENT / PRODUCT PRODUCTION ENGI- 
NEERING 


For a prompt evaluation of your qualifications in light of current Opportunities, 
forward your resume in confidence to Mr. D. Hogan, Dept. 22-ML 


SPECIALTY CONTROL DEPARTMENT 


GENERAL 


Waynesboro 


ELECTRIC 


Virginia 
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Unless otherwise designated, items are feature articles or Ideas at Work. 


(WN) What’s New 
(IP) Industry’s Pulse 
(Ed) Editorial 


A 


Actuators 


The digital valve actuator—a brand new 
approach. Wapner & Houpt.. . .Oct. 
The F-M motor, a new actuator and 
computing element. Burian & Jamie- 
son. May 
Fundamentals of tie-motor control. A. 
H. Myles. Pt. I, Jan. 89, Pt. II. . Feb. 
Revamped motors, controls up tinning 
line output. D. H. Jenter. July 
A short-guide to  electrically-signaled 
valve actuators July 
Starting motors in delayed sequence. T. 
C. Cameron 
Take a new look at ac motors for ad- 
justable-speed systems—report. C. S. 
Siskind June 
Three solenoids make low-wear stepping 
motor Oct 
Use shaded-pole motors for those not- 
too-critical servo systems. C. V. 
Bullen 


Adaptive control 
Is it adaptive control? (WN) 


Aircraft 


Adaptive flight controls..........Mar. 
Bringing the helicopter under control. 
Walton & Campbell Jr . Jan. 
Flight testing control systems on the 
880. R. L. Runnalls.......... Sept. 
FM motor controls alternator frequency. 
Oct. 
Force balance computes F-104A’s speed. 
Leonard Kendy Mar. 
High-temperature hydraulic and pneu- 
matic equipment. Keller, Mayhew & 
Cannon : 
Inertial techniques improve rate-of-climb 
indicators. Birch Ford 
More hydraulics in flight control. E. M. 
8 eS ee ere Oct. 
Navy’s positive control speeds up land- 
ings. (WN) Dec. 
Novel circuits simplify alternator control. 
G. E. Engman Pp 
Pneumatic controls refuel jet aircraft. 
Beckel & Lebow 
Simulation cuts flight tests of new auto- 
pilot. L. T. Prince Sept. 
Special amplifier aids flutter testing. 
J. C. Carpenter 


Amplifiers 


Electronic 
Phase-controlling kilowatts with silicon 


semiconductors. F. W. Gutz 
UNE snc eeusshe sated ds f45> May 

Special amplifier aids flutter testing. 
J. C. Carpenter Dec. 

Use thyratrons to control higher 
power ac servomotors. Taylor & 
Burnett 

Magnetic 

Novel circuits simplify alternator con- 
trol. G. E. Engman 

The parametron—an amplifying logic 
element. Hiroshi Terada....Apr. 


Analysis instruments 


Analytical instrumentation proble:ns in 
radiochemical . processes. R. C. Axt- 


Continuous testers check product specifi 
cations. Yanak & Calabrese. 

Pt I, Physical-properties instruments 

Apr 

Pt II, Chemical-properties instru- 

tk SS eS eae June 

Emission spectroscopy speeds control of 

metals production. J. R. Churchill 

Oct. 

Testing stream-analyzer applications. H. 
M. Crawford c 

Using K-capture X-rays to analyze prod- 

ucts in the plant. Alan Beerbower. 

Mar. 


Automatic warehousing 


Applying the systems approach to ware- 
housing. R. J. Marland Jan. 
Electromechanical order picker (WN) 
Mar. 
Electronic post office—operation gate- 
way moves Post Office Department 
closer to automatic mail handling 
goal. (WN) 
Parcel post sorter (WN) 
Post Office turns modern (WN). . . May 


Batch processing 


Applying the digital computer to open- 
hearth operations. ............Aug. 

Tape calls control signals for branch 
plants (WN) 


Bearings 


Ball bearings for precision gyros—how 
they affect your system’s performance. 
R. H. Cherwin 


Cc 


Circuits 


Fundamentals of multivibrators . Keon- 
jian & Perzley. Pt I, June 114, Pt M, 


Aug 
How diodes generate functions. E. J. 
Galli Mar. 
Meter relays protect punch presses. F. 
C. Marx July 
A NOR-lement timing circuit. Helmut 
Schwab 
Phase-controlling kilowatts with silicon 
semiconductors. F. Gutzwiller. . May 
May 
Starting motors in delayed sequence. T. 
C. Cameron June 
rhyratron circuits for solenoids and DC 
loads. Frank MacPherson 
Transfluxor analog memory. James Eby. 
Dee. 
A wide-range sampler with zero-order 
hold. R. E. Andeen........... May 


Coding of data 


Characteristics of digital codes. 
Rosen 

Digital codes route interoffice mail. C. 
i ee . Aug 


Compensation 


Feed forward can improve feedback con- 
trols. R. L. Duthie 

A template for designing servo com- 
pensators. Potts & Thaler..... Nov. 


Components 


Ball bearings for precision gyros—how 
they affect your system’s performance. 
i Rey SE a 05 o:0sc time bse Aug. 

The digital valve actuator—a brand new 
approach. Wapner & Houpt. . . Oct. 

Electrochemical relay: a remarkable new 
switching form. J. D. Cooney. . July 

The F-M motor, a new actuator and 
computing element. Burian & Jamie- 
son. 

FM motor controls alternator frequency. 

Oct 

Four ways to specify nonlinearity of 

linear transducers. Tai Nien Feng 
May 

\ graphic solution for thermistor char- 
acteristics. H. G. Parke Feb. 

How to specify servo repeaters. F. J. 
Snow. 

A low-conductivity magnetic flowmeter 
D. R. Lynch Dec 
Mechanical feedback improves hydraulic 

servovalves. Blanton & Gray... .July 

New uses of static magnetic components 
in protective circuits. J. W. Butler 

Nov. 
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The parametron—an_ amplifying logic 
element. Hiroshi Terada Apr. 
Phase-controlling kilowatts with silicon 
semiconductors. F. W. Gutzwiller. 

: May 
Sensing the test variables. Frank Mc- 
partland Sept. 
Solid-state circuitry: promise today, prac- 
tice tomorrow. Kompass & Young. 

fl June 
Some dec current relationships in tran- 
sistors. A. N. DeSautels ..... ./ Aug. 
Three solenoids make low-wear stepping 
motor. Oct. 
Two ways to use the pot and the pen- 
dulum. Levine & ‘Thompson & 
oe EE Feb. 
Varistor static switching networks for 
multispeed synchros. L. U. C. Kelling. 
Feb. 


Composition measuring 
(see Analysis instruments) 


Computer programming 


Automatically programmed tool: sim- 
plifies the man-machine communica- 
tion problem. (WN) Apr. 

Structural diagrams—a short-cut to ana- 
log computer circuits. Follinger & 
Seifert. 


Computers 


Analog 
.Add flexibility to testing: test an ana- 
log simulation. E. J. Kompass. Sept. 

Computer analogs for common non- 
linearities. C. L. Dunsmore. . Oct. 

Simulation cuts flight tests of new 
autopilot. L. T. Prince... ..Sept. 

Structural diagrams—a short-cut to 
analog computer circuits. Follinger 
i ene ae, 

Testing systems by combined analog 
and digital simulation. R. D. Hor- 
WE. a5 bna0 52 tin bin's «amy cee 

Iransfluxor analog memory. James 
Eby ‘ ° 

Digital 
Army's newest weapon: ADP (WN) 
July 

Central computer ties bank branches 
together (WN) ...Oct. 

Computer tests dynamics of missile 
controls. (WN) 

Testing systems by combined analog 
and digital simulation. R. D. Hor 
witz hs-+ Dalwaace al . Sept 

Special purpose 

Air trafic control grumbling stems 
from FAA’s decision to res‘st 
changes. (WN) ....... Jan 

Army’s newest weapon: ADP (WN) 

July 

Electronic teaching machine. Pask & 
Wiseman. a= <a 

OPCON progress report. Bernard & 
IG osteo oo s0csnpoke Nov. 

Relays keep the bettors happy. (WN 

Sept 


Computing control 


Applying the digital computer to opc. 
hearth operations. ............Aug. 

California generating units to be con- 
trolled by computers. (WN)... . July 

Competition’s murder in computing- 
control. (IP) Jov. 

Computer-logger eases gas dispatching 
job. (WN) 


Computing-control—a commercial real- 


ity. (WN) ba hates 
East’s most modern pipeline—case his- 
tory of when not to use a computer 
for control. (WN). . Sopere, 
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eyes computing-control market. 
(WN 
Generalized problem stirs up computing- 
control. (N) Nov. 
Instant data at missile test facility. 
(WN) 
OPCON progress report. Bernard & 
Soderquist. 


Controllers, electronic 


Electronic process control systems 
Emergency power. G. C. Johnson. 
Jan. 
Wiring practices. Carmack. ... .Jan. 
Multiloop cascade circuits control Brit- 
ish sugar refinery. E. R. Eglington. 
Feb 


Novel circuits simplify alternator con- 
trol. G. E. Engman. ....... . Apr. 


Counters 


The parametron—an amplifying logic 
element. Hiroshi Terada. ..... Apr. 
Pulse circuitry for a transistorized photo- 
counter. W. N. Sick. ........Nov. 


Data files (reference sheets) 


22. Automatic speed-torque plotting. 
Yeiser & Anthony. .......... Jan 
23. A graphic solution for thermistor 
characteristics. H. G. Parke... . Feb. 
24. Selecting control devices for human 
operators. Peters & Michelson. . Mar. 
25. Guides to control of metal prop- 
erties with eddy currents. G. O. Mc- 
Clurg. 
26. A graphical way to solve nonlinear 
circuits. Evans & Mitchell... ..May 
27. A graphic solution for the daraping 
of cubic systems. Karl Eklund. 
June 
28. A short guide to electrically-signaled 
valve actuators. ....July 
29. Some dc current relationships in 
transistors. A. N. DeSautels... . . Aug. 
30. Computer analogs for common non- 
linearities. C. L. Dunsmore 
31. A template for designing servo com- 
pensators. Potis & Thaler Nov. 
32. Thyratron circuits for solenoids and 


DC loads. Frank MacPherson. . Dec. 


Data processing 


Air traffic control grumbling stems 
from FAA's decision to resist changes. 
(WN) eiteas ; .. Jan 

Applying the systems approach to ware 
housing. R. J. Marland Jan 

Characteristics of digital codes Leo 
Rosen , ere 

Clearing the troubled air. (WN). . Aug 

Instant data at missile test facility 
(WN) .. - er . 

Pinpointing missile strikes. (WN). . Feb 

Recording & processing test data. J. K. 
Slap. .. Sept 

Simplified instrumentation at new U.S 
missile range. (WN) Feb, 

Steel opens three doors to automatic 
data processing. Sills & Terwilliger. 

Dec. 

Where to look for trouble in a new 

EDP installation. Conway & Watts 
July 


Data sampling 


Automatic monitor eyes refinery trouble 
spots. (WN) cou Feb 
Logical control of sampling saves com 
puting time. David Hammel.. . Mar. 
A transistorized sampler for analog com 


puters, W. W. Turmer. 
A wide-range sampler with zero-order 
hold. R. E. Andeen, ......... May 1 


Data transmission 


Characteristics of digital codes. leo 
Rosen ..... Dec, 

Missilemen study airborne relay stations 
to speed up data processing at Cape 
Canaveral. (WN) Oct. 

Transmitting test information. ’ 
Hannula. 


Dead-time 


Commutator switch simulates transport 
leg. A. D. Weight. .o.00:00:0%05 Aug. 


Digital techniques 


Core matrix stores symbols for high- 
speed display. E. C. Simmons. .feb. 
Digital building blocks form ga/no-go 
timers. Mitchell & King... ...Apr. 
Digital codes route interofhce mail. C. 
M. Zoubek. Aug. 
Logical control of sampling saves com- 
puting time. David Hammel. . Mar. 
The parametron—an amplifying logic 
element. Hiroshi Terada.......Apr. 


Display of data 


Air traffic control grumbling stems from 
FAA’s decision to resist changes 
(WN) Porn. Jan 

Care matrix. stores symbols for high- 
speed display. E. C. Simmons. . Feb 


Economics 


Converting .a standard lathe to auto- 
matic operation. Ian Nickols. . . . May 
How to make the bid request payoff 
W. D. Bell . «Nov. 
How to survive in the systems business. 
W. D. Bell ths . . Feb. 
1959: calm after the’ storm. (IP). .Jan. 
1959 shapes up as a good year for con- 
trol (IP) ‘a ; June 
Russians sharpen pencils to justify seven 
year plan. (WN) May 
What will control spend—McGraw-Hill 
survey of business plans. (WN).June 


Editorials 


As others see you Oct 
Gifted students need you Nov 
IFAC is a two-way street—guest edi- 

toriai by H. Chestnut ‘ Aug. 
Imaginary pigeonholes Apr 
Meetings need editorial themes... Mar. 
New era needs NEMA standards—guest 

editorial by H. W. Cory. July 
New meaning for old words May 
Support education in control June 
Thanks for giving Feb. 
What the editors see for ’59 Jan 
You're in the battle, too Dec 


F 


Flight instrumentation 


Flight testing control systems on the 
880. R. L. Runnalls Sept. 

NASA plans global range to track man 
in space. (WN) an . .Jaly 

Pinpointing missile strikes. (WN). . Feb. 

Simplified instrumentation at new U.S. 
missile range. (WN) 

Simulation cuts flight tests of new guto 
pilot. L. T. Prince roo e aepe 





Speeding missile trajectory computation. 
SOE SE. 


Flow-fluid 


Eddy currents brake conductive liquid 
flow. W. S. De Bear..........May 

How piping influences valve perform- 
ance. J. E. Valstar Apr. 

A low-conductivity magnetic flowmeter. 
D. R. Lynch Dec. 

Selecting control valve characteristics. 
ie IN igs opis cic es Mar. 

Thermistors measure low liquid veloci- 
ties. H. E. Wingo 


Foreign control (see also Russian control) 


African oil spurs French control makers. 
(WN) ; . Sept. 
Central computer ties ‘Barclays Bank 
branches together. (WN) .....Oct. 
Commutator switch simulates transport 
lag. A. D. Wright 
Cross-pointer meter indicates concen- 
wicity. Dahle & Uglhum July 
Feed forward can improve feedback con- 
trols. R. L. Duthie j 
IFAC works and plays, American-style. 
dk) Se .. .Nov. 
Interconverting frequency and transient 
response. H. H. Rosenbrook. . . . July 
International Measurement Conference 
proves an instrument industry rises in 
Hungary. (WN)... . Apr. 
Japanese _tape-controlled milling ma 
chine. Kaiwa & Inaba....... Nov. 
Model test spots spurious programmer 
circuits. H. Law.... «>= J 
Multiloop cascade circuits control British 
sugar refinery. E. R. Eglington 
Feb. 
A new idea for precision linear position 
ing. D. J. Mynall. P ... June 
The parametron—an amplifying logic 
element. Hiroshi Terada...... . Apr. 
Programming flame cutters pays off for 
shipyards. Derek Barlow.... Jan. 
Punched tape controls London trains. 
R. Dell . rs Aug. 
Rolling table simulates sea for stabilizers. 
OE UP LS dake Line dais Sept. 
Servo control improves precision gear 
hobber. Nakada & Hagimoto. . . Feb. 
Stabilizing the Queen Mary. J. Bell. 
Mar 
Step-and-null system controls commu- 
tator undercutter. L. W. Kerbey. 
May 
Structural diagrams—a_ short-cut to 
analog computer circuits. Follinger & 
Seifert 
Swiss controls. (WN) . 
Tape calls control signals for branch 
plants of British drug company. 
June 
l'esting process performance by correla- 
tion, J. G. Henderson. .......Sept. 
Three solenoids make low-wear step- 
ping motor ealbes 
Using the root locus. T. Jawor. Pt ‘, 
Oct. 96, Pt II 


Frequency response 


Interconverting frequency and transient 
response. H. H. Rosenbrock. .. . July 


Function generators 


Control system test equipment. A. M. 
Fuchs. 
Pt I, Signal generators 
Pt II, Complete test and evaluation 
systems 
Pt III, Response evaluation instru- 


How diodes generate functions. 
Galli 


Gaging 
Atomic scale. (WN) ........... Mar. 
Automatic tank-level gages. H. S. An- 
drews ’ 
Photocell gages improve tube filaments 
10 times. E. P. Laffie 


Graphic analysis 
A graphic solution for the damping of 
cubic systems. Karl Eklund... .June 
A graphical way to solve nonlinear cir- 
cuits. Evans & Mitchell...... May 
Interconverting frequency and transient 
response. H. H. Rosenbrock. .. . July 
Nonlinear systems design. J. E. Gibson. 
Pt II, How to interpret the phase- 
plane plot 
Pt III, An introduction to synthesis 
on the phase plane 
Rubber membrane finds root loci. T. 
Jawor 
A template for designing servo compen- 
sators. Potts & Thaler ........ Nov. 
Using the root locus. T. Jawor. Pt. I, 


Oct. 96, Pt. II, Nov. 


Guidance 


Dr. Draper's floating gyros zero-in Thor 
on target. D. B. MacDonald. . . . Oct. 

Lunik—How the Russians put ‘Lunik 
into orbit. 


Human engineering 


Selecting control devices for human op- 
erators. Peters & Michelson... Mar. 


Hydraulics 


Combine fluid relays to increase their 
versatility. H. Ziebolz....... Feb. 
High-temperature hydraulic and pneu- 
matic equipment. Keller, Mayhew & 
Cannon Apr. 
Mechanical feedback improves hydraulic 
servovalves. Blanton & Gray... .July 
More hydraulics in flight control. E. J. 
Knight Jr. ds Ae re | 


Industrial control 


Alarm annunciators: industry’s watch- 
dogs. A. D. Taplinger 
Applying the digital computer to open- 
hearth operations. rT. 
Automatic system checks car voltage 


regulators. Dahms Jr. & Bobich. . Oct. 


Checking taped instructions for numeri- 
cal control systems. V. Rogers. . Oct. 
Converting a standard lathe to auto- 
matic operation. Ian Nickols. . . . May 
Cross-interlocking clamps protects ma- 
chine tool. Thomas Cameron. . Mar. 
Digital building blocks form go /no-go 
timers. Mitchell & King . Apr. 


Electrochemical relay: a remarkable new 


switching form. J. D. Cooney. . July 
Electronic process control systems. 
Emergency power. G. C. Johnson. 
Jan. 

Wiring practices. W. Carmack. . Jan. 
Emission spectroscopy speeds control of 


metals production. J. R. Churchill. 
Oct. 
4 modern control systems for the steel 
industry. P. A. Travisano Mar. 
Fundamentals of tie-motor control. A. 
H. Myles. Pt I, Jan. 89, Pt II, Feb 
Japanese tape-controlled milling ma 
chine. Kaiwa & Inaba. . Nov. 
Lockheed’s LEAD: a start in control. 
(WN) .. Oct. 
Meter relays protect punch presses. F. 
C. Marx. July 
New uses of static magnetic components 
in protective circuits. J. W. Butler 
Nov 
Photocell gages improve tube filaments 
10 times. E. P. Laffie. June 
Programming flame cutters pays wi for 
shipyards. Derek Barlow Jan 
Revamped motors, controls up tinning 
line output. D. H. Jenter July 
Servo control improves precision gear 
hobber. Nakada & Hagimoto. .Feb 
Simple circuit controls spacing on con- 
veyor lines. R. L. DeLoache. . . Nov 
Soviets push blast furnace control 
(WN) May 
Starting motors in delayed sequence. 
T. C. Cameron. — June 
Static switching passes a maintenance 
test. J. Zurbrick........ Oct. 
Steel opens three doors to automatic 
data processing. Sills & Terwilliger 
Dec 
Step-and-null system controls commuta 
tor undercutter. Ms W. Kerbev. . May 
Take a new look at ac motors for ad- 
justable-speed pi shaban as c:$ 
Siskind. .... ; June 
Team approach to computer programs 
for numerical control. E. F. Carlberg 
Jan 
Transistorized programmer runs 35,000 
ton press. Robbins & Liccardi. . May 
Using the load-cell in high-accuracy 
weighing systems. M. Green Oct 


Industry's pulse 


Competition’s murder in computing 
control. .. Nov 
The European Common Market: its im 
pact on control. ... July 
Instrument export booms: but for how 
long? Aug 
IRE Show: markets in the madh« USE 
May 
Market battle looms: power transistors 
vs. solid-state thyratrons. . . . Apr 
1959: calm after the storm Jan 
1959 shapes up as a good vear for con 
trol. June 
1960—first big year for numerical con 
trol. ve Oct 
115,000 new users...... Feb 
The Southwest: three superlatives in 
control. .. he Mar 
Through the rearview mirror—clippings 
pinpoint five years of growth and 
change. . Se Sept 
Will transistors boom static switch 
ing? ... ewe ; Dec 


Inspection, automatic 


Automatic inspection by machine tool 
comtval. (WIN) . 2... oe .e.s Dec 
Automatic system checks car voltage 
regulators. Dahms Jr. & Bobich 
Oct. 

Automatic testers speed jet autopilot 
maintenance. (WN) .........Aug 
Comparators for use in automatic evalua- 
tion systems. L. S. Klivans Aug. 
Digital building blocks form go /no-go 
timers. Mitchell & King Apr 
FAST tests and sorts transistors fast 
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Guides to contol of metal properties 
with eddy currents. G. O. McClurg. 
Apr. 
How they keep Thor operational. L. H. 
Young 
Photocell gages improve tube filaments 
10 times. E. P. Laffie June 
Transistor tester. (WN) 
Tube lengths recorded automatically. 
Mar. 


Instrumentation 


Alarm annunciators: industry's watch- 
dogs. A. D. Taplinger 

Analytical instrumentation problems in 
radiochemical processes. R. C. Axt- 
mann. 

Clearing the troubled air. (WN). ./ 

Force balance computes F-104A’s speed. 
Fa dhe, TEER ee Mar. 

Inertial techniques improve rate-of-climb 
indicators. Birch Ford 

Instrument  specifications—communica- 
tion link between user and maker. H. 
ee CER Ory DER Te Aug. 

Instrument uncertainties. L. P. Entin. 
Pt I, Is the zero output really zero? 

Dec. 

A low-con“ctivity magnetic flowmeter. 
D. R. Lynch 

Photography in space. (WN) 

Using the load cell in high-accuracy 
weighing systems. M. Green. . .Oct. 


Level 


Automatic tank-level gages. H. S. An- 
drews. : 

Reliable level maesurement for liquid 
metals. G. H. Burger 


Liquids 
Automatic tank-level gages. H. S. An- 
drews . . Feb. 
Eddy currents brake conductive liquid 
flow. W. S. DeBear...... ..May 
Thermistors measure low liquid veloci- 
ties. H. E. Wingo. ...........Oct. 


Logic 


Logic tests precision instrumentation 
tapes were, 

Logical control of sampling saves com- 
puting time. David Hammel. . . Mar. 

A NOR-element timing circuit. Helmut 
Schwab. .. 

The parametron—an 
element. 


amplifying logic 
Hiroshi Terada..... Apr. 


M 


Machine tool control 


At Boeing nearly everybody 
numerical control. (WN) 
Automatic inspection by machine tool 
control. (WN) .. Dec. 
Automatically programmed tool: simpli- 
fies the man-machine er 

problem. (WN) 
Checking taped instructions for numeri- 
cal control systems. V. Rogers. . Oct. 
Converting a standard lathe to automatic 
operation. Ian Nickols........ May 
Cross-interlocking clamps protects ma- 
chine tool. Thomas Cameron. . Mar. 
European Machine Tool Show dis- 
speeiata. (WI Heiss se ckces Nov. 
Italian Machine Tool Exhibition. (WN) 
Jan. 


studies 
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Japanese tape-controlled 
chine. Kaiwa & Inaba 
Low-cost contouring control debuts at 
Topp. (WN) 
A new idea for precision linear position- 
ing. D. J. Mynall. June 
1960—first big year for numerical con- 
trol. (IP) 
Servo control improves ‘precision ge: ar 
hobber. Nakada & Hagimoto. . . Feb. 
Simple circuit controls spacing on con- 
veyor lines. R. L. DeLoache. . . Nov. 
Skeleton machine speeds control tests. 
D. N. Smith Sept. 
Team approach to computer programs 
for numerical contro). E. F. Carlberg. 
Jan. 
Two new developments in numerical 
i are Mar. 
Using the root locus. T. Jawor. Pt I, 
Ce, Pe UE Oso wacbinthts tines Nov. 
Varistor static switching networks for 
multispeed synchros. L. U. C. Kelling. 
Feb. 


milling ma- 


Maintenance 


How design simplifies trouble-shooting 
and repairs. B. K. Ledgerwood. . Aug 

How they keep Thor Tee al. L. H. 
Young Ay : 


Marketing 


The European Common Market: its 
impact on control. (IP) .......July 
Instrument export booms: but for how 
long? (IP) .... ears .. Aug. 
Market battle looms: power transistors 
vs. solid-state thyratrons. (IP)... Apr. 
Military aircraft business. (WN) 
115,000 new users. (IP) 


Materials handling 


Digital codes route interoffice mail. C. 
M. Zoubek 

Transistors prevent channeling in ore 
bins. C. M. Marquardt.......Apr. 


Mathematical analysis 


Designing and interpreting tests. J. S. 
er ere Pee ee Sept. 
Interconverting frequency and transient 
response. H. H. Rosenbrock. .. . July 


Measuring 


Cross-pointer meter indicates concen- 
tricity. Dahle & Uglum.......July 
Guides to control of metal properties 
with eddy currents. G. O. McClurg. 
Apr. 

Instrument urcertainties. L. P. Entin. 
Pt I, Is the zero output really zero? 
Dec. 

Measuring turbidity simplifies titration. 
R. D. Eisenhardt June 
Reliable level measurement for liquid 
metals. G. H. Burger... .July 
Sensing the test variables. Frank Mc- 
Partland .... Sept. 
Thermistors measure low liquid veloci- 
ties. H. E. Wingo...... Oct. 


Meetings, news reports 


AIEE meeting highlights. (WN). .Mar. 
A control engineer’s busy week in Chi- 
cago. (WN) Nov. 
An editor goes to three meetings; in- 
strumentation, steel, and nuclear 
shows. 'N . June 
English symposium on Instrumentation 
and Computation in Process De- 
velopment and Plant Design. (WN) 
July 


European Machine Tool Show disap- 
points. (WN) see Nov. 
IRE Show 
(IP) . May 
ISA’s Fifth National ‘Flight Test In- 
strumentation Symposium raises the 
question—Too much data? (WN) 
June 

International Conference on Informa- 
tion Processing. (WN)........Aug. 
Photography in space. (WN)... .Dec. 
Physical Society Exhibition. Britain. 
(WN) .. Mar. 
Solid-state circuitry promise today, prac- 
tice tomorrow. Kompass & Young 
interpret Solid State Circuits Con- 
ference : ; June 
World Petroleum Congress (WN) 
July 


Metals processing and finishing 


Applying the digital computer to open- 
hearth operations oie. eu 
Emission spectroscopy speeds control of 
metals production. J. R. Churchill. 
Oct. 

4 modern control systems for the steel 
industry. P. A. Travisano ..Mar 
Model test spots spurious programmer 
circuits. H. Law Sept. 
Soviets push blast furnace control 
(WN) ioe May 
automatic 
Terwilliger 
Dec. 


Steel opens three doors to 


data processing. Sills & 


Missiles 


Computer tests dynamics of missile con 
trols WN Oct 
Dr. Draper's floating gyros zero-in Thor 
on target. D. B. MacDonald Oct. 
How they keep Thor operational. L. H. 
Young te Dec. 
Let’s talk about Lunik—a CtE Panel. 
Apr. 

Lunik—How the Russians put Lunik 
into orbit ' Feb 
Missilemen study airborne relay stations 
to speed up data processing at Cape 
Canaveral WN) Oct. 
Pinpointing strikes WN) 
Feb. 

Video recorder captures missile test data, 


R. McCabe ceuek Sept. 


missile 


Models 


Rubber membrane finds root loci. T. 
Jawor Dec. 
Scale model checks out telescope servos. 
Thomas Dosch Ge . Sept. 
Scale-model tests increase odds of full- 
scale success. B. K. Ledgerwood. 
Sept. 


Motors, electrical (see Actuators) 


N 


Noninteracting controllers 


How to reduce interaction between con 
trol loops. J. E. Valstar June 


Nonlinear systems 


analogs for common non- 
Dunsmore Oct. 
power reactors—is 
Braffort & Weill. 
May 

A graphical way to solve nonlinear cir- 
cuits. Evans & Mitchell. . May 

Nonlinear systems design. J. E. Gibson. 
Pt II, How to interpret the phase 


Computer 
linearities. C. I 
Control rods for 
speed a problem? 


markets: in the madhouse. . 


109 


101 


123 


189 





plane plot 
Pt HI, An introduction to — 
on the phase plane Feb. 


ie) 


Optimizing control 


OPCON progress report. Bernard & 
Soderquist 


Personality sketches 


Ankeney, Harry .... 
Chestnut, Harold. . 
Cohn, Nathan 


Hatcher, Earl 

Kirkham, Edward E.. . 
Nichols, N. 

Savet, Paul H. 

Sims, R. 

Takahashi, Yasundo 
cS Se 
Wherry, Thomas C. ........ 


Pneumatics 


Combine fluid relays to increase their 
versatility. H. Ziebolz........Feb. 

Force balance computes F-104A’s speed. 
Leonard Kendy 

High-temperature hydraulic and pneu- 
matic equipment. Keller, Mayhew & 
Cannon 

Pneumatic controls refuel jet aircraft. 
Becktel & Lebow.... 


Potentiometers 


How to specify resolution for poten- 
tiometer servos. Hollis Gray... . Nov. 


Process control 


Alarm annunciators: industry’s watch- 
dogs. A. D. Taplinger.........July 
Analytical instrumentation problems in 
radiochemical processes. R. C. Axt- 
mann J 
Automatic tank-level gages. H. S. An- 
drews 
Circulating water temperature control. 
D. W. Richmond ..Nov. 
Continuous testers check product speci- 
fications. Yanak & Calabrese. 
Pt I, Physical-properties instruments. 
Apr. 
Pt II, Chemical-properties hinten 
ments. June 
Electronic process control systems. 
Emergency power. G. C. Johnson. 
an. 
Wiring practices. W. Carmack. os 


How piping influences valve perform- 


ance. J. E. Valstar Apr. 
How to reduce interaction between con- 
trol loops. J. E. Valstar 
Instrument  specifications—communica- 
tion link between user and maker. 
H. R. Karp . 
Measuring turbidity simplifies titration. 
R. D. Eisenhardt. . . 
Multiloop cascade circuits control Brit- 
ish sugar refinery. E. R. Eglington. 
Feb. 
OPCON progress report. Bernard & 
Soderquist 
Practices and problems of interrogating 
an operating process. E. A. Weiss. 
Sept. 
Selecting control valve shenisadiline. 
Se Es eciee kas Neewde Mar. 


Sizing valves for maximum flow and con- 
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trol rangeability. J. E. Valstar. . May 
Testing stream-analyzer applications. H. 
M. Crawford Sept. 
Updating design procedures for surge 
vessel control systems. K. A. Otto. 
Dec. 

Using K-capture X-rays to analyze prod- 
ucts in the plant. Alan Beerbower. 
Mar. 

Vapor-load steam ejectors to control vac- 
uum. P. W. Kilpatrick. .......: Aug. 


Production control 


Automatic system checks car voltage 

regulators. Dahms Jr. & Bobich. 

Oct. 

Digital building blocks form go/no-go 
timers. Mitchell & King 


Programmed systems 


Checking taped instructions for numeri- 
cal control systems. V. Rogers. 
Oct. 
Comparators for use in automatic 
evaluation systems. L. S. Klivans. 
Aug 
4 modern control systems..for the steel 
industry. P. A. Travisano 
Japanese tape-controlled milling ma- 
chine. Kaiwa & Inaba 
Model test spots spurious programmer 
circuits. H. Law.... . Sept. 
Programming flame cutters pays off for 
shipyards. Derek Barlow Jan. 
Punched tape controls London trains. 
R. Dell . Aug. 
Skeleton machine speeds control tests. 
D. N. i +9 40 ee 
Starting motors in delayed sequence. 
T. C. Cameron June 
Steel opens three doors to automatic 
data processing. Sills & Terwilliger. 
Dec. 
Tape calls control signals for branch 
plants. (WN) ...June 
Team approach to computer programs 
for numerical control. E. F. Carl- 
berg “——, 
Transistorized programmer runs 35,000- 
ton press. Rebbins & Liccardi. . May 


Radiation gaging (see Gaging) 


Recording 


Recording & processing test data. J. K. 
Slap Sept. 
Searching and updating easy with film- 
tape records. P. James 
Tube lengths recorded automatically. 
Mar. 
Video recorder captures missile test data. 
R. McCabe 5 


Relays 


Combine fluid relays to increase their 

versatility. H. Ziebolz ...Feb. 

Meter relays protect punch presses. F. 

. . July 

Starting motors in delayed sequence. 
Tr. C. Cameron 


Reliability 


How design simplifies trouble-shooting 
and repairs. B. K. Ledgerwood. . Aug. 
More hydraulics in flight control. E. J. 
2S Se pei eee Oct. 


Remote controls 


Air Force drafts supervisory control 


(WN) 


Resolvers 


A Hall effect dc resolver. L. E. Fay Hl. 
Dec. 


Russian control 


Let’s talk about Lunik—a CtE Panel. 
Apr. 

Lunik—How the Russians put Lunik 
into orbit. . . Feb. 
Russian spectacular opens i in New York. 
(WN) Aug. 
Sharpened interest in new seven-year 
plan. (WN) .. .May 
Soviets push blast furnace control. 


Servomeckunisms 


Breadboarded tester subs for guidance 
computer. Don Arundel Sept. 
Breadboarding control systems for design 
tests. H. W. Mergler 
Control system test equipment. A. M. 
Fuchs 
Pt I: Signal generators 
Pt II: Complete test at.d evaluation 
pra MELEE May 
Pt III: Response evaluaticn instru- 
ments July 
Eddy currents position mammoth track- 
ing antennas. Kanner & Fein. . . . Jan 
The F-M motor, a new actuator and 
computing element. Burian & Jamie 
RC Re ae ee May 
Feed forward can improve feedback con 
trols. R. L. Duthie...........May 
Fundamentals of tie-motor control. A 
H. Myles. Pt I, Jan. 89, Pt Il. . Feb 
How to specify resolution for poten 
tiometer servos. Hollis Gray Nov 
How to erie servo repeaters. F. J 
SHOW .n..000 er June 
A new idea for | precision linear position 
ing. D. J. Myn June 
Scale model checks out telescope servos 
Thomas Dosch 
Servo control improves precision gear 
hobber. Nakada & Hagimoto. . . Feb 
Stabilizing the Queen Mary. J. Bell 
Mar 
Step-and-null system controls commuta- 
tor undercutter. L. W. Kerbey. . May 
A template for designing servo com- 
pensators. Potts & Thaler.....Nov 
Two ways to use the pot and the pen 
dulum. Levine & Thompson & 
Pfeifer er 
Use shaded-pole motors for those not 
too-critical servo systems. C 
Bullen July 


Servovalves (see Valves) 


Simulation 


Add fiexibility to testing: test an analog 
simulation. E. J. Kompass. ... . Sept 
Commutator-switch simulates transport 
lag. A. D. Wright .... Aug 
Electrohydraulic wavemaker. (WN) 
Dec 

Mechanical analog “stands in” for steam 
turbine. Jacobs & Rexford... .Sept 
Rolling table simulates sea for stabilizers 
J. Bell Sept. 
Simulation cuts flight tests of new auto- 
pilot. Sept. 
Structural diagrams—a short-cut to ana- 
log computer circuits. Follinger & 
Seifert ... July 
Testing systems by combined analog & 
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digital simulation. R. D. Horwitz. 
Sept. 


Solid state devices 


A Hall effect de resolver. L. E. Fay III. 
Dec. 

Phase-controlling kilowatts with silicon 
semiconductors. F. W. Gutzwiller. 
May 

Solid-state circuitry: promise today, prac- 
tice tomorrow. Kompass & Young. 
June 

Transfluxor analog memory. James Eby. 


Dec. 


Space vehicle control 


Dr. Draper’s floating gyros zero-in Thor 

on target. D. B. MacDonald. . . . Oct. 

Let’s talk about Lunik—a CtE Panel. 

Apr. 

Lunik—How the Russians put Lunik 
into orbit 


Speed control 


Revamped motors, controls up tinnis 
line output. D. H. Jenter July 
Take a new look at ac motors for adjust- 
able-speed systems—teport. C. S. Sis- 
kind June 
Use thyratrons to control higher power 
ac servomotors. Taylor & Burnett. 
Apr. 


Static control 


Electrochemical relay: a remarkable new 
switching form. J. D. Cooney. ..July 
New uses of static magnetic components 
in protective circuits. J. W. Butler. 
Nov. 
Power switching with junction tran- 
sistors. A. N. DeSautels 
Static switching passes a maintenance 
test. J. Zurbrick 
Varistor static switching networks for 
multispeed synchros. L. U. C. Kelling. 
- Feb. 


Systems 
Analysis 
Bringing the helicopter under con- 
trol. Walton & Campbell Jr. . Jan. 
Designing and interpreting tests. J. S. 
Hunter ... sept. 
A graphic solution for the damping of 
cubic systems. Karl Eklund. . June 
How to keep track of system errors. 
S. C. Marcus 
How to reduce interaction between 
control loops. J. E. Valstar. . . June 
Practices and problems of interrogat- 
ing an operating process. E. A. 
Weiss .. Sept. 
Rabber membrane finds root loci. 
T. Jawor 
Testing process performance by cor- 
relation. J. G. Henderson. . . . Sept. 
Using the root locus. T. Jawor. Pt I, 
oe ea es 
Design 
Breadboarded tester subs for guidance 
computer. Don Arundel... . Sept. 
Breadboarding control systems for de- 
sign tests. H. W. Mergler. . . Sept. 
Bringing the helicopter under control. 
Walton & Campbell Jr... ... . Jan. 
Electronic process control systems. 
Emergency power. G. C. Johnson. 
Jan. 
Carmack. 
Jan. 
Feed forward can improve feedback 
controls. R. L. Duthie May 
How to reduce interaction between 
control loops. J. E. Valstar. . . June 


Wiring practices. W. 


DECEMBER 1959 


160 


164 


71 


82 
83 
136 
112 


Nonlinear systems design. J. E. Gib- 
son. 
Pt II, How to interpret the phase- 
plane plot Jan. 
Pt III, An introduction to synthesis 
on the phase plane 

Scale-model tests increase odds of full- 
scale success. B. K. Ledgerwood. 
Sept. 
Selecting control valve characteristics. 

J. E. Valstar 
Stabilizing the Queen Mary. J. Bell. 
Mar. 
Updating design procedures for surge 
vessel control systems. K. A. Otto. 
Dec. 

Specification 

How to keep track of system errors. 
ki Ge SR isn 6 3.20 5 p< 
How to specify resolution for poten- 
tiometer servos. Hollis Gray. . Nov. 
How to specify servo repeaters. F. J. 
Snow June 
Instrument specifications—communi- 
cation link between user and maker. 
oe Pees ere Aug. 
Sizing valves for maximum flow and 
control rangeability. J. E. Valstar. 
May 


Telemetering 


Transmitting test information. F. W. 
BNA EP ree Sept. 

Wire telemetry at Cape Canaveral. 
Graeber & Dederer 


Temperature 


Circulating water temperature control. 
D. W. Richmond 

A graphic solution for thermistor charac- 
teristics. H. G. Parke 


Test equipment 


Automatic speed-torque plotting. Yeiser 
& Anthony 
Control system test equipment. 
Fuchs 
Pt I, Signal generators......... Mar. 
Pt II, Complete test and evaluation 
systems .. wre 
Pt III, Response evaluation instru- 
ments ....July 
Logic tests precision instrumentation 


Testing 


Add flexibility to testing: test an analog 

simulation. E. J. Kompass... . . Sept. 

Automatic speed-torque plotting. Yeiser 

& Anthony Jan 

Automatic testers speed jet autopilot 

maintenance. (WN) - Aug. 

Breadboarding control systems for design 

tests. H. W. Mergler ‘ Sept. 
Case studies of test 

1. Skeleton machine speeds control 

tests. D: N. Smith Sept 

. Flight testing control systems on 

the 880.:R. L. Runnalls Sept. 

. Testing process performance by cor- 

relation. J. G. Henderson. . . Sept. 

. Breadboarded tester subs for guid- 

ance computer. Don Arundel. Sept. 

. Mechanical analog “stands in” for 

steam turbine. Jacobs & Rexford. 

Sept. 

- Model test spots spurious program- 

mer circuits. H. Law Sept. 

. Video recorder captures missile test 

data. R. McCabe . . Sept. 

. Simulation cuts flight tests of new 


autopilot. L. T. Prince 
. Scale model checks out telescope 
servos. Thomas Dosch. . 
.Rolling table simulates sea for 
stabilizer. . Sept. 
11. Wire telemetry at Cape Canaveral. 
Graeber & Dederer......... Sept. 
12. Testing stream-analyzer applica- 
tions. H. M. Crawford. .. . . . Sept. 
Comparators for use in automatic evalua- 
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different styles and each in a wide range of resistance values. The extensive use of trimmers 
in such applications as airborne, shipborne and ground based military electronic 
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ae or metallic film resistance elements, high temperature- 
PRECISION POTENTIOMETERS ? ‘ : ; 

catalog of resistant construction, varied mounting methods, and 

the trimmers 

illustrated 


above write, quarter in diameter, permit the design engineer optimum 


sizes ranging from micro-miniature to the size of a 


wire 01 freedom to select the unit best suited to his application. 
call o , , P ae 
: Special designs may be readily accommodated by ‘TIC 


engineers. 


Subsidiaries: 
Technology Instrument Corp. of Calif. 


TECHNOLOGY INSTRUMENT CORPORATION te pene gree 


Acton Laboratories, Inc., Acton, Mass. 
Tucson Instrument Corp., Tucson, Ariz 


523 MAIN STREET, ACTON, MASS. Aitomac Corp., Canton, Mas. 
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NEW dp TRANSMITTER 


SOLVES FLOW PULSATION PROBLEMS 
WITH ADJUSTABLE INTERNAL DAMPING 


Shake os <S86" 50088 
Phat arti tt 
Poise ttt it trite 


Only Fischer & Porter dp Transmitters 
let you “tune in” exactly the right amount 
of damping action for the pipeline flow 
you’re measuring. By eliminating the 
over-damping on some lines, underdamp- 
ing on others resulting from fixed damping 
techniques, F & P gives you faster, more 
accurate response, longer instrument life. 

In the unique F & P system, a needle 
valve restricts oil flow through the sealed, 
silicone-filled measuring chamber. Damp- 
ing is accomplished on the input side— 
before the differential is sensed—thus the 








transmitter responds only to real inputs. 
You eliminate external dashpots and 
snubbers . . . the major cause of zero 
shift and diaphragm fatigue . . . both of 
which mean high maintenance costs and 
premature replacement. 
o*” * om 

Write for complete information on how 
adjustable damping avoids control errors 
by matching the damping to the pulsa- 
tion. Ask for your copy of Bulletin 91-251. 
Fischer & Porter Co., 829 County Line 
Road, Hatboro, Pennsylvania. 


= = FISCHER & PORTER COMPANY 


COMPLETE PROCESS INSTRUMENTATION 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth: FISCHER & PORTER LTD., WORKINGTON, CUMBERLAND, ENGLAND @ FISCHER & PORTER G.m.b.H., GROSS- 
ELLERSHAUSEN, BEI GOTTINGEN, GERMANY @ FISCHER & PORTER N. V., KOMEETWEG 11, THE HAGUE, NETHERLANDS © FISCHER & PORTER Pty. LTD., 184 HANNA ST., SOUTH MELBOURNE, VICTORIA, AUSTRALIA 
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